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PART I

LITERATURE REVIEW

Cytokines are products of activated cells of the immune
system and include such proteins as interleukins, tumor
necrosis factor, insulin-like growth factor, and others

(Rafael and Orvieto, 1992).

These proteins, with molecular

weights between 6,000 and 60,000 Daltons, function as
intercellular signals between various cells of the immune
system and may act in an autocrine, paracrine, or endocrine
manner (Klasing and Johnstone, 1991).

They are involved in

the immune response, inflammatory reactions, and

hematopoiesis (Dinarello, 1988).

The action of cytokines

are pleiotropic, thus eliciting different biological
activities from different target cells.

Therefore, cytokine

function may not be limited to only an immune response.
Espey (1980) proposed ovulation to be similar to an
inflammatory reaction, leading to the theory that cytokines
such as, interleukin-1 (IL-1) and tvimor necrosis factor
alpha (TNFa), may participate in reproduction.
Interleukin-1, classically known as endogenous pyrogen,
is a key mediator in response to microbial invasion, tissue

injury, and inflammation (Dinarello, 1988).

The term IL-1

is used for two distinct, but structurally related
molecules; IL-la and IL-ljS.

IL-la and j8 elicit almost

identical systemic and cellular responses and bind to the

same receptor (Dinarello, 1989).

A wide variety of cells

such as keratinocytes, mesangial cells of the kidney, B
lymphocytes, natural killer cells , and activated
macrophages and monocytes produce IL-1 (Dinarello, 1988).

The macrophage/monocyte is an important source of IL-1
because of its ability to synthesize large amounts of IL-1
and process the IL-1 precursor more effectively than other
cells (Dinarello, 1988). In the human, IL-lo and IL-lj8 share

26% homology in their amino acid sequences (Dinarello,
1989).

IL-la and IL-l/S are synthesized as 31-33kDa

precursors processed to yield a mature peptide ranging from
15-17kDa (Giri et al.. 1985; Lomedico et al.. 1984; Auron et

al.. 1984).
sequence.

Neither has an amino terminal secretory signal

The newly synthesized IL-1 precursors are

localized in the cytoplasm before processing and secretion
(Auron et al.. 1987).

IL-la is processed to its mature form

by calpain, a calcium-dependent protease (Kobayashi et al..

1990), whereas IL-1/3 is processed by IL-ljS converting enzyme
(Ceretti et al.. 1992; Thornberry et al.. 1992).
Furthermore, the IL-la precursor has been shown to be

biologically active, but the IL-lj8 precursor is not (Mosley
et al.. 1987).

distinct.

The half-lives of both precursors are

The half-life of the IL-la precursor is 15 hours,

and IL-1/3 precursor half-life is 3 hours (Hazuda et al..

1988).

IL-l/S is secreted from monocytes 2 hours following

synthesis, whereas IL-la appears in the medium 12.5 hours

later (Hazuda et al.. 1988).

A considerable amount of IL-1

remains cell associated and is biologically active (Kurt-

Jones et al.. 1985).

This may explain the ability of IL-1

to participate in paracrine and autocrine events (Dinarello,
1988).

Evidence suggests that most of the membrane-bound

IL-1 is the a form and the

form is secreted (Dinarello,

1988).

Immunological effects of both forms of IL-1 include T
and B-cell activation, natural killer cell activity, and
increased IL-2 receptor expression (Dinarello, 1988)

IL-1

stimulates the immune system by the direct activation of
lymphocytes, and indirectly by inducing synthesis of
molecules that in turn activate lymphocytes such as

interferons, hematopietic colony-stimulating factors, and T

and B lymphocyte growth and differentiation factors
(Dinarello, 1988, 1989).

Biological activities of IL-1

associated with inflammation are endothelial cell

activation, neutrophilia, increased adhesion molecules, and
fever (Dinarello, 1988).

Furthermore, IL-1 can modulate

physiological processes through induction or suppression of
gene expression (Dinarello, 1989).

Cells that produce IL-1,

themselves, may operate in a positive feedback system in

which they will produce more IL-l (Dinarello, 1988).

When

the production of IL-1 persists and remains unregulated, it
may contribute to pathological conditions and demise of the

host.

Thus, IL-1 is a molecule of vital importance to the

host as long as its production and activity are modulated
(Dinarello, 1989).
Recently, IL-1 has been implicated in reproductive
processes.

The presence of IL-1 has been reported in human

follicular fluid and the ovaries of the rat, cow, and pig
(Khan et al.. 1988; Rivier and Vale, 1989; Fukuoka et al..
1988,1989).

The ovaries have been shown to contain

macrophages and other white blood cells during the
periovulatory and luteal phases (Adashi, 1990).

Whitehead (1994)

Shakil and

studied the effects of macrophages on

progesterone production by granulosa cells obtained from the

ovaries of proestrous rats.

When cultured in the presence

of peritoneal macrophage, progesterone production by the
granulosa cells was decreased.

Progesterone suppression

depended on the number of macrophages and pretreatment of

the cells.

Rats injected with lipopolysaccharide (LPS),

which stimulates cytokine secretion and activates

macrophage, showed a 74% decrease in progesterone production
by the granulosa cells.
cyclycity.

In addition, it disrupted

Other studies have also shown an effect on

steroidogenesis by treatment with cytokines, in particular
IL-1.

Human recombinant IL-la (hrlL-a) markedly inhibited

luteinizing hormone (LH) stimulated progesterone production
by luteinized porcine granulosa cells from medium (3-5mm)
follicles in a dose-dependent manner.

A minimum dose of 50

pg/ml hrlL-la and a maximum dose of 5 ng/ml caused

inhibition.

Basal production of progesterone was inhibited

by 2.5 or 25 ng/ml IL-la (Fukuoka et al.. 1988).

A second

study by Fukuoka et al. (1989) reported hrlL-la stimulated
proliferation of cultured porcine granulosa cells obtained
from immature or developing follicles.

Again, they showed

progesterone production was inhibited in small (l-2mm) and
medium (3-5mm) follicles, but not in the large (8-llmm)
follicles.

Further work in the pig by Mori et al. (1989)

demonstrated hrlL-la inhibited follicle stimulating hormone
(FSH) induced differentiation of granulosa cells from small
follicles and reduced basal levels of functional LH

receptors.

When porcine granulosa cells from small (1mm)

follicles were cultured with IL-la, there was a decrease in
secretion of FSH-stimulated estrogens.

IL-la also decreased

estradiol secretion in the absence of FSH up to 50% at
concentrations higher than 0.05ng/ml (Yasuda et al.. 1990).
Yasuda et al. (1990) also reported IL-la inhibited
progesterone production and FSH-induced LH binding sites in
porcine granulosa cells.

Studies in the rat by Kasson and Gorospe (1989) showed
hrlL-la and hrIL-1/8 granulosa cells inhibited progesterone
and estrogen production in a dose-dependent manner.

LH-

receptor induction in response to FSH was also inhibited.
In both cases a response was observed with less IL-lj8 than

IL-la.

Gottschall et al. (1989) produced similar results in

which hrIL-l|3 inhibited estradiol secretion by granulosa

cells obtained from ovaries of immature rats.

IL-1/3

suppressed estradiol production during a 72 hour culture
period in a dose-dependent manner with a minimum dose of
lOng/ml.

IL-1/3 inhibited FSH-induced development of LH

receptor formation and progesterone secretion in immature
rat granulosa cells (Gottschall et al.. 1987, 1988).

Human granulosa-luteal cells from large follicles were
cultured in the presence and absence of human chorionic

gonadotropin (hCG).

IL-1/3 did not affect basal progesterone

or estrogen secretion.

However, hrIL-1/3 inhibited hCG-

stimulated progesterone and estrogen secretion (Barak et
al.. 1992).

Polan et al. (1994) reported that human

granulosa cells retrieved during in vitro fertilization

studies, stained positive for IL-la binding sites.
Peripheral blood monocytes collected during the follicular

and luteal phases were analyzed for IL-1/3 messenger
ribonucleic acid (mRNA).

Results showed three fold higher

amount of IL-1/3 mRNA in the monocytes during the luteal
phase versus the follicular phase leading to the conclusion
that production of IL-1 may play a role in the ovulatory
phase (Polan et al.. 1994).

IL-1 has also been shown to affect the theca layer.

Nakamura et al. (1990) reported hrlL-la increased hCG

stimulated progesterone and testosterone production by theca
cells, but had no affect on basal steroid production.

Early

preantral follicles and newly formed corpora lutea did not

respond to IL-la treatment.

Thus, IL-la activity may depend

on the stage of differentiation of the follicle (Nakamura et
al.. 1990).

Similarly, Fukuoka et al. (1989) reported

granulosa cells from immature follicles responded to IL-1
treatment, but had no affect on fully differentiated cells.
In the rat, both IL-la and IL-lj8 inhibited hCG-induced

androgen production.

Whole ovarian dispersates and isolated

theca cells showed a decrease in androsterone production in

response to both interleukins (Hurwitz et al.. 1991a).

A

second study by Hurwitz et al. (1991b) showed the rat

ovarian theca cell as a site of IL-ljS gene expression which
can exert a positive upregulatory effect on its own
expression.
One role proposed for ovarian macrophages

heterphagy of damaged luteal cells.

may be

More importantly

though, may be the role of cytokines which they produce
(Adashi, 1992).

Corpus luteal cells collected from day 9-12

in the cow were cultured with increasing doses of human

recombinant IL-ljS (0.Ing/ml-lOng/ml).

Results showed a

dose-dependent increase in prostaglandin production, in

particular PGEj and PGF2„ (Nothnick and Pate, 1990).

Thus

IL-1/3, which is a modulator of prostaglandin production
generally involved in fever, can elevate the levels of
prostaglandins in culture.

The effect on bovine luteal

cells could represent a non-immune, paracrine function of

this cytokine (Nothnick and Pate, 1990).

The major hormone involved in reproduction of the

chicken is progesterone, rather than estrogen as seen in
mammals.

Progesterone produced in the granulosa cells of

the chicken follicle diffuses to the theca layer to be

converted to androgens and estrogens

1979).

(Huang and Nalbandov,

Generally, the larger preovulatory follicles (F2-F4)

produce mostly androgens, and the small yellow follicles
secrete estrogens (Robinson and Etches, 1986; Tilly et al..
1990).

A study by Tilly ^ al. (1991) reported that

granulosa cells from 6-8mm follicles were incompetent to
produce progesterone and androstenedione.

Granulosa cells

from the 9-12mm follicles were able to produce significant
amounts of progesterone.

The steroidogenic competency of

follicles appears to occur in the transition from 6-8mm to
9-12mm.

Androgen and estrogen production decreases as the

follicle matures.

Once the follicle reaches the F1 stage,

progesterone levels begin to rise (Huang and Nalbandov,
1979; Marrone and Hertelendy, 1983).

The F1 follicle

operates via positive feedback mechanism with luteinizing
hormone.

High levels of progesterone secreted from the F1

follicle, signals LH release from the anterior pituitary,

which induces ovulation (Johnson and van Tienhoven, 1980,
1984).

The effects of IL-1 on progesterone production in

the chicken are unknown.

However, many studies in the

mammal show IL-1 inhibits progesterone production by
granulosa cells (Fukuoka et al.. 1988; Yasuda et al.. 1990;

Kasson and Gorospe, 1989).

Furthermore, IL-1, in mammals,

stimulated proliferation of granulosa cells in immature or
developing follicles, but had no effect on fully

differentiated cells (Fiikuoka et al.. 1989).

The chicken

has numerous follicles ranging in size from l-2mm, 3-5mm, 6-

8mm, 9-12mm, 13-20mm and 5-6 rapidly growing pre-ovulatory

follicles (Tilly et al». 1991).

Since chicken follicles

grow much larger than mammalian follicles and in greater
numbers, it is not known what effects IL-1 will have on

their growth.

Furthermore, chicken steroidogenesis is

opposite of the mammal and may be affected differently by
IL-1.

To our knowledge, there has been no research reported

involving cytokines and reproduction in the chicken.

Although avian cytokines are not well defined they appear to
have similar biological activity with IL-1, tumor necrosis
factor, and other interleukins identified in mammals
(Dietert et al.. 1991).

Monokines, like IL-1, mediate T and

B-lymphocyte activation and differentiation and are produced

by chicken macrophages (Hayari et al.. 1982; Klasing and
Peng, 1987; Bombara and Taylor, 1991).

Studies have been

hampered by the inability to isolate chicken IL-1.

Human

recombinant IL-1 and murine IL-1 have no effect on chicken

thymocytes as shown by Klasing and Peng (1987).

A chicken

macrophage cell line, HDll as described by Beug et al.
(1979), has been shown to be a promising source of IL-1.

Using a thymocyte co-mitogen proliferation assay, this cell
line produced the highest amounts of IL-1 when compared to
peripheral blood, splenic, and peritoneal macrophages
(Klasing and Peng, 1987).

A crude source of chicken IL-1 as

supplied by this cell line can be used in cytokine studies.
Another inflammatory induced cytokine, TNF , has been
shown to have synergistic effects with IL-1 (Le and Vilcek,

1987).

This has been observed in a variety of target

tissues such as pituitary cells, bone, vascular endothelium,

skin, and fibroblast cells (Dinarello, 1988).

Like IL-1,

TNF exists in an a and ^ form (Beutler and Cerami, 1986).
TNFa, otherwise known as cachectin, is synthesized as an
inactive 26kDa pro-hormone which is secreted as a 17kDa

mature cytokine (Kriegler et al.. 1988; Jue et al.. 1990).
TNF/3 is a 25kDa protein produced by lymphocytes and is also
called lymphotoxin.

This protein shares many biological

activities with THFct and competes for the same cell-surface
receptors (Ruddle and Turetskaya, 1991).

TNFa is produced

by lymphocytes, endothelial cells, keratinocytes, and
macrophages and monocytes
1985).

(Beutler and Cerami, 1986; Old,

Functions of TNF include

activation of eosinophils,

neutrophil adherence and degranulation, phagocytosis, and
induction of fever (Shalaby et al.. 1985; Gamble et al..
1985).

Although not considered to be a growth factor, TNFa

has broad activity in cell growth and differentiation,
either enhancing or inhibiting both normal and transformed
10

cells (Monogue et al.. 1991).

Together with IL-1, TNFa acts

on a variety of cells such as T-cells, B-cells, neutrophils,
fibroblasts, endothelial cells, and bone marrow cells, which
secrete various factors necessary for the development of an

effective inflammatory response (Le and Vilcek, 1987).
Nawroth et al. (1986) reported TNFa can initiate a cascade

of events leading to inflammation through the stimulation of
endothelial cell IL-1 generation.

Their activity together

seems to be greater than either one alone (Dinarello et al..
1986; Bachwich et al.. 1986).
Several studies have linked TNFa function to

reproduction.

TNFa has been localized in luteal and

macrophage-like cells in the bovine, rat, and human corpus
luteum (Roby and Terranova, 1988).

Wang ^ al. (1992)

detected TNFa in human follicular fluid.

Zolti et al.

(1990) reported the granulosa layer as a source and target
for TNFa.

TNFa receptors are present on both small and

large luteal cells in the pig (Richards and Almonds, 1994a).
Furthermore, human recombinant (hr) TNFa dose-dependently

stimulated proliferation of cultured luteal cells.

Richards

and Almonds (1994b) reported that TNFa suppressed LH-

induced, but not basal progesterone secretion by small
luteal cells.

Doses ranged from 0.4ng/ml-100ng/ml showing

2ng/ml as the maximum inhibitory dose.

Progesterone

secretion from large luteal cells remained unaffected.

PGFjo production by small luteal cells and mixed luteal
11

cells was enhanced by TNFa.

Further work with swine

granulosa cells, showed TNFa inhibited FSH supported
progesterone synthesis as well as cAMP accumulation
(Veldhuis et al.. 1991).

TNFa may be participating in the regulation of ovarian
function in rat granulosa cells by inhibiting FSH induced

aromatase activity.

TNFa (lOng/ml-lOpg/ml) inhibited FSH-

induced aromatase in a dose-dependent manner.

A dose of

lOng/ml completely abolished aromatase activity (Emoto and
Baird, 1988).

Darbon et al. (1989) reported TNFa

counteracts the ability of FSH to induce differentiation of
rat granulosa cells in culture.

TNFa inhibited FSH-induced

LH receptor formation as well as cAMP and progesterone

production.

Similar studies reported by Roby and Terranova

(1990) showed hrTNFa (5ng/ml) significantly decreased basal

and FSH-stimulated progesterone production in granulosa
cells from

preovulatory rat follicles.

Adashi et al.

(1988) found treatment of murine granulosa cells with TNFa

(lOng/ml) inhibited estrogen and progesterone production and
aromatase activity.

TNFa is capable of directly and

reversibly attenuating gonadotropin stimulated progesterone

accumulation in murine granulosa cells (Adashi, 1990).

Similar to IL-1, it is not likely that TNFa is causing
adverse effects on cell function, but is operating as a
regulatory molecule in control of granulosa/luteal cell
development (Adashi, 1990).
12

In the theca layer,

Andreani et al. (1991) reported

TNFa (0.3ng/ml-30ng/ml) inhibited androsterone production by
whole ovarian dispersates and purified theca cells from
immature rat ovaries in the presence of hCG.

In porcine

follicles, TNFa decreased LH-stimulated progesterone

production by theca cells when exposed to doses ranging from
O.lng/ml to lOOng/ml, in which 5ng/ml caused maximal
inhibition (Tekpetey et al.. 1993).

In contrast, Roby and

Terranova (1990) reported TNFa increased androstenedione and
estradiol production by theca cells in preovulatory rat
follicles.

Similar to IL-1, TNFa may play a role in the

reproductive process.
As in mammals, the source and function of steroid

hormones are an integral part in understanding the
reproductive system of the chicken.

The synthesis and

release of these hormones is essential for the successful

growth of ovarian follicles and egg laying.

Several studies

suggest, at least in mammals, that there may be a connection
between the immune system products, in particular cytokines,
and reproduction, which affect the production and release of
steroid hormones (Adashi, 1989).

It is logical to assume

the same exists in the chicken.

As a means to study the immune system response to
disease, bacteria, and growth, Siegel and Gross (1980) and
Gross (1978) developed two genetic lines of White Leghorn

hens selected for either a high (HA) or low (LA) antibody
13

response to sheep red blood cell (SRBC) injection.

These

two genetic lines appear to have different immune responses
to various bacteria and viruses.

The HA line was more

resistant than the LA line to infection by Mvcoplasma

aa11iseptinimi bacteria, Coccidiosis, New Castle disease, and
the northern fowl mite (Gross et al.. 1980; Hall et al..

1978).

A strong immune response was associated with a

reduced ability to defend against certain bacteria.
Resistance to Escherichia coli (E. coli) was measured in
both genetic lines of hens by recording the incidence of
pericarditis or death between 4 and 7 days following the

challenge.

Hens were challenged with 10"' or 10"* cells

injected into the posterior thoracic air sac.

Incidence of

infection was 58% for the HA line and 35% for the LA line

(Gross et al.. 1980).

Dunnington et al. (1991) reported a

decrease in resistance to E. coli invasion and
Staphvlococcus aureus in the HA line.

Similar results were

found in mice selected for a LA or HA response to SRBC, in

which an inverse relationship existed between antibody
synthesis and bactericidal capacity (Biozzi et al.. 1979).
Response may depend upon the mechanism of disease resistance

for certain bacteria or viruses.

For instance, Coccidiosis

is related to increased antibody levels and T-cells, whereas
E. coli or other bacteria may rely more on phagocytic or
non-specific responses (van der Zijpp, 1984).

HA and LA

lines differed significantly in T-cell proliferation as
14

shown by an in vitro mitogen response.

The HA line

demonstrated a higher concavalin A and phytohemagglutinin-M
response than the LA line indicating HA hens had higher T-

cell activity (Scott et al.. 1991). Genetic selection may
result in differences in the cellular response and overall
immune response (Kreukniet et al.. 1994; Scott et al..

1991).

The effect of genetic strain on the reproductive

status of the hen and steroid production remains to be
determined.

A reduced growth rate may be associated with increased

defense.

Body weights for the LA line were greater than the

HA line at 4 weeks and 24 weeks of age (Martin et al..
1990).

Furthermore, egg production started at lower body

weights and at younger ages in the LA lines (Martin et al..
1990; Siegel et al.. 1982).

Hen-day egg production of

normal eggs to 300 days of age was significantly lower in
the HA line (Siegel et al.. 1982).

The duration of

fertility was shown to differ between HA and LA hens.

Hens

from two generations were inseminated with 0.3ml of

undiluted semen at 252 and 364 days of age, and the duration
of fertility measured.

Regardless of age, fertility was

significantly lower (P<.05) in the HA line than the LA line
(Siegel et al.. 1982).

There seems to be a difference in egg production,

weight gain, and immune response between these genetic
lines.

By studying basic steroid production of the ovarian
15

cells in response to IL-1 and TNFa, this may lead to a
better understanding of how an immune system challenge
affects reproduction in the hen.

16
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PART II

EFFECTS OF GENETIC STRAIN AND CYTOKINE PROTEINS ON OVARIAN
STEROIDOGENESIS IN THE LAYING HEN

Abstract

Nhite Leghorn hens selected for a high (HA) or low
antibody (LA) response to sheep red blood cells (SRBC) were

sacrificed at 10, 20, and 30 weeks of egg production in
order to measure steroid production by granulosa and theca
cells possibly affected by cytokine treatment.

Isolated

granulosa cells and theca explants from the three largest
preovulatory follicles and granulosa cells from 13-20mm and
9-12mm follicles were incubated for 3 hours at 39®C with

cytokine enriched conditioned media from HD-11 chicken
macrophage cells, or 5 or 250ng/ml human recombinant tumor

necrosis factor alpha (hrTNFa).

Progesterone production by

granulosa cells and androstenedione secretion from theca

cells were measured using validated radioimmunoassays.
There were no differences (P>.05) in hen-day egg production
or follicle size between LA and HA hens during 30 weeks of

egg production.

However, significant differences (P<.05) in

progesterone production were observed due to genetic line,

follicle size, and duration of egg production.

Fl, F2, and

F3 granulosa cells from HA hens produced more (P<.05)
progesterone (140.8, 107.2, and 49.7ng/ml) as compared to LA
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hens (109.4, 78.9, and 26.9ng/inl), whereas 13-20inm and 9-

12inin granulosa cells from LA hens produced more (P<.05)
progesterone, 6.63 and 0.32ng/ml, when compared to HA hens,
5.26 and 0.15ng/ml.

Treatment of granulosa cells with HDll

conditioned media decreased (P<.05) progesterone production
among all follicle sizes in both genetic lines, except the

F2 follicle from HA hens which was not affected (P>.05).
Human recombinant TNFa consistently inhibited (P<.05)
progesterone secretion by all follicles among HA and LA
hens, but not always at both doses.

Generally, 5ng/ml

hrTNFa was the maximum inhibitory dose.

Androstenedione production by thecal explants did not

differ (P>.05) between genetic lines, except at 10 weeks of
egg production.

At this time, F1 theca explants from HA

hens produced more androstenedione (P<.05), 27.0ng/ml, as
compared to explants from LA hens, 3.79ng/ml.

In contrast,

F2 and F3 theca cells from LA hens secreted more (P<.05)
androstenedione, 35.2 ng/ml and 82.0ng/ml, than HA hens,
8.0ng/ml and 46.9ng/ml, respectively.

Theca cells were not

as responsive to cytokine treatment as granulosa cells.
Androstenedione secretion by F1 and F2 theca cells from both

genetic lines was not affected (P>.05) by HDll conditioned
media at any time period, whereas F3 theca cells from LA

hens secreted less (P<.05) androstenedione in response to
HDll conditioned media at 10 and 20 weeks of egg production
when compared to untreated cells.
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Treatment of F1 and F3

theca cells from HA and LA hens, with hrTNFa stimulated

(P<.05) androstenedione production at 10 weeks of egg
production, but decreased (P<.05) androstenedione secretion
by F2 theca cells at this time period.

Similar to studies

in mammals, these results suggest a role for cytokine

proteins in steroidogenesis in the chicken.

In the laying

hen, a decrease in steroid production, mainly progesterone,
in response to cytokines may upset the steroid balance

created by the follicular hierarchy or inhibit ovulation.
Introduction

Several studies, in mammals, suggest that there may be
a connection between cytokines and reproduction.

Although

avian cytokines are not well defined, they appear to have
similar biological activity with interleukin-1, tumor
necrosis factor, and other interleukins identified in

mammals (Dietert et al.. 1990).

Many studies report an

inhibition of steroid production by granulosa and theca
cells in response to interleukin-1 (IL-1) and tumor necrosis
factor alpha (TNFa).

Human recombinant IL-la (hrlL-la)

inhibited progesterone and estrogen production by granulosa
cells from immature rat follicles as well as small (l-3mm)

and medium (3-5mm) porcine follicles (Kasson and Gorospe,
1989; Fukuoka et al.. 1989).

In the rat, both hrlLa and jS

inhibited human chorionic gonadotropin (hCG) induced
androsterone production by theca cells (Hurwitz et al..

1991).

Similar to IL-1, TNFa inhibited FSH supported
27

progesterone synthesis in porcine granulosa cells (Veldhuis
et al.. 1991) and FSH induced aromatase activity, LH
receptor formation, differentiation of granulosa cells, and
progesterone production in the rat ovary (Emoto and Baird,
1988; Darbon et al.. 1989; Roby and Terranova, 1990).

To our knowledge there has been no research involving
cytokines and reproduction in the chicken.

Studies have

been limited since a purified source of chicken IL-1 is not
available.

Human recombinant IL-1 and murine IL-1 have no

affect in the chicken (Klasing and Peng, 1987).

However, a

transformed chicken macrophage cell line (HD-11) as

described by Beug et al. (1979) has been shown to produce a
protein with IL-l-like activity after stimulation with
lipopolysaccharide (LPS) (Klasing and Peng, 1987).

This

cell line may serve as a crude source of IL-1 since the
macrophage are known to produce other cytokines.

As described by Siegel and Gross (1980) and Gross
(1979) strains of White Leghorn hens have been selected for

either a low antibody or high antibody response to sheep red
blood cell challenge.

These hens differ in growth, age at

sexual maturity, and egg production (Martin et al.. 1990;
Siegel et al.. 1982), and their rate and method of

steroidogenesis may differ as well as their response to
cytokine proteins.

The objectives of the described research

were to; 1) determine the effect of genetic strain on

steroid production and 2) determine the effect of IL-1 and
28

TNFa on steroidogenesis in the laying hen.
Materials and Methods

Sixty 18 week old White Leghorn hens selected for a
high or low antibody response to sheep red blood cells were
housed in individual cages at the Cherokee Poultry Farm,

University of Tennessee.

Hens were provided food and water

ad libitum and placed under a daily lighting regime of 16

hours of light and 8 hours of dark.

Hen-day egg production

(HDEP) was determined, and the experiment was initiated when

each line reached 15% HDEP.

At 10, 20, and 30 weeks of egg

production, 10 hens from each line were sacrificed 19-21

hours following oviposition after verifying the presence of
a hardshell egg.

recorded.

Hen weights at the time of sacrifice were

The ovary from each hen was removed, weighed, and

placed in RPMI 1640 media (Gibco, Grand Island, N.Y.) and
kept on ice.

Follicles were counted and sorted by size as

the Fl, F2, F3, 13-20mm, and 9-12mm.

Atretic follicles were

determined to be those in a collapsed and/or hemorrhaged
condition as described by Tilly et al. (1991).

Theca and

granulosa layers were microdissected aseptically as

described by Tilly et al. (1991) and were pooled according
to size and stored on ice in RPMI 1640 plus 1% antibiotics

(5000 units penicillin, 5mg/ml streptomycin, and lOmg/ml
neomycin; Sigma, St. Louis, MO).

Granulosa cells from the

Fl and F2 follicles were isolated by trypsin (2.5%)

digestion in Hank's basal salt solution (Gibco) for 15
29

minutes at 37®C.

Granulosa cells from smaller follicles

were dispersed using a Pasteur pipette.

All cells were

centrifuged at 850 x g for 2-4 minutes, the supernatant
discarded, and cells washed two times with RPMI 1640 media.

After washing, cells were resuspended in RPMI 1640 media, 1%

antibiotics, and 0.1% bovine serum albumin (BSA; Sigma).
Cell viability was determined by trypan blue dye exclusion.

Cells were incubated at a density of 5 x lO' cells/.5ml for
3 hours at 39®C, 5% COj, and 95% air, in sterile

microcentrifuge vials (Fisher, Pittsburg, PA).

In vitro

treatments consisted of 1) control:RPMI 1640 media plus 1%
antibiotics and 0.1% BSA 2) Unstimulated HDll conditioned
media 3-4) 200 or 350ul conditioned media from LPS

(2.5ug/ml) stimulated HDll cells 5-6) 200 or 350ul RPMI 1640

media containing 2.5ug/ml LPS 7-8) 5 or 250ng/ml hrTNFa.
Preliminary studies determined the optimal period of

incubation for maximal cell viability and steroid secretion
to be 3 hours (Table 1-1).

Treatment of granulosa cells

with varying doses of cytokines showed maximum inhibitory
and stimulatory doses to be 200 and 350ul HDll media, and 5
and 250ng/ml hrTNFa, respectively (Table 1-2).

After

incubation, cells and media were frozen at -20°C.
Progesterone content of the media was determined via

commercial radioimmunoassay kit validated for the chicken in

our laboratory (Diagnostic Products, Los Angeles, CA).
Intra and inter assay variation were determined to be 6.6%
30

TABLE 1-1. Granulosa call viability and progesterone
production (ng/nl) following 3, 6, and 12 hours of cell
culture.

Hours of Incubation

size

6

3

Fl/%live cells
Progesterone (ng/ml)

9-i2mm/%live cells
Proaesterone fna/ml^

12

66.50a

46.20b

18.70c

256.40a

258.10a

262.00a

70.40a

60.60a

14.00b

0.29a

0.26a

0.28a

a,b
Values in the same row with different letters are

significantly different (P <.05).

TABLE 1-2.

The effects of HOll conditioned media and hrTNFa

on in vitro progesterone secretion (ng/ml) by granulosa
cells isolated from White Leghorn hens.

Follicle size
Cvtokine/Dose

Fl/2

13—20mm

9-12mm

HDll media/ Oul

154.50a

2.98a

0.422a

50ul
lOOul
200ul

130.10b
121.70b

2.23b
1.93b
1.36c

0.367a

1.74b

0.339b

108.30b
143.70a

300ul
35Oul
Pooled SEM

hrTNFa/ Ong/ml
Ing/ml
5ng/ml
lOng/ml
50ng/ml
lOOng/ml
250ng/ml
500ng/ml
Pooled SEM

145.80a
7.79

—

0.418a

1.44c

0.250c

0.18

0.20

194.50a

2.13a

*

168.70a

157.20b
160.90a

1.10b
1.18b
1.52b

*

159.70b

1.35b

*

171.30a

2.17a

*

189.90a

2.34a

*

212.10a
7.38

2.28a

*

*

*

0.18

Values in the same column and from the same cytokine
treatment with different letters are significantly
different (P <.05).

Granulosa cells from these follicles were not tested.
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and 14.8%, respectively.

Thecal tissue (interna and externa) weighing between
0.025g and 0.031g was plated as explants in tissue culture

plates (O.Scm^ wells; Falcon, Oxnard, CA) and exposed to the
same in vitro treatments and conditions as granulosa cells.
Following incubation, media was removed and frozen at -20®C.

Media was analyzed for androstenedione content by
radioimmunoassay using Wein antibody #03512 (Wein
Laboratories, Succasunna, NJ) and validated in our

laboratory for the chicken.

Intra and inter assay variation

was determined to be 13.0% and 14.5%, respectively.
Media preparation

Chicken macrophage cells (HDll) were cultured in 150cm^

tissue culture flasks (Corning, Corning, N.Y.) at 39®C in
RPMI 1640 media, 5% fetal calf serum, and 1% antibiotics

(5000 units penicillin, 5ng/ml streptomycin, lOng/ml

neomycin; Sigma, St. Louis, MO).

Cells were grown to near

confluency, washed three times in Hank's basal salt solution

(Gibco, Grand Island, N.Y.), and treated with fresh serum
free media plus 2.5ug/ml LPS (Sigma) for 24 hours to

stimulate cytokine release.

Media was collected, pooled,

and dialyzed (10,000 MW membrane) against RPMI 1640 media
for 24 hours at 4®C to remove inhibitors to IL-1 (Klasing
and Peng, 1987).

Conditioned media was sterile filtered,

aliquoted, and frozen at -80«»C.

Control, unstimulated HDll

media, was obtained using the same procedures except the
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cells were not treated with LPS.

To test the effects of

residual LPS that may be present in conditioned HDll media,
granulosa and theca cells were treated with RPMI media

containing 2.5ug/ml LPS.

Media was dialyzed under the same

conditions as the HDll conditioned media, sterile filtered,
and stored at -80°C.

Human recombinant tumor necrosis

factor alpha (hrTNFa; R and D Systems, Minneapolis, MN) was

stored as lug/ml stocks in complete media at -80°C.

Stock

solutions were diluted to a final concentration of 5 or

250ng/ml immediately prior to in vitro use.
Data analysis

Data were analyzed using the General Linear Models

(GLM) program in statistical analysis system (SAS, 1990).
Means were separated using Fisher's least significant

difference test.
analysis.

All data were log transformed prior to

Table values are reported as LS Means of the non-

log transformed data with letters indicating differences
between means of log transformed data.
Results

Line effects

As described previously, the experiment began when the
hens reached 15% hen-day egg production (HDEP).

The LA hens

reached 15% HDEP at 161 days of age, but HA hens did not

reach 15% HDEP until 175 days of age.

Therefore, when hens

were sacrificed at 10, 20, and 30 weeks of egg production,
the HA hens were 14 days older.
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Overall percent HDEP was

not different (P>.05) between lines.

Percent HDEP for the

LA and HA line was 73.6% and 70.6%, respectively.

However,

if percent HDEP was measured on a chronological basis from
commencement of egg production (154 days of age) to 371 days
of age (30 weeks of egg production in LA line), LA hens laid
significantly more (P<.05) eggs.

Percent HDEP on this basis

was 73.6% for the LA line and 64% for the HA line.

Size of

Fl, F2, and F3 follicles were not different (P>.05) between
lines (Table 1-3).

HA hens produced more (P<.05) 13-20mm

follicles than LA hens, however, no differences (P>.05) were
observed in the number of 9-12mm follicles.

Number of

atretic follicles was not different (P>.05) between lines.
Although there were no differences in follicle size,

progesterone production was significantly higher (P<.05) in
the Fl, F2, and F3 follicles among HA hens (Table 1-4).

The

opposite trend was seen in the smaller follicles, in which

granulosa cells from the LA follicles produced significantly
more (P<.05) progesterone.
Age effects

As expected, progesterone production decreased (P<.05)

as the reproductive age of the hen increased (Table 1-5).
In the HA line, progesterone production by the Fl, F2, and
F3 follicle decreased (P<.05) at 10, 20, and 30 weeks.

The

LA line differed slightly in that there was not a

significant decrease (P>.05) in Fl, F2, or F3 progesterone

production at 10 and 20 weeks, but by 30 weeks progesterone
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TABLE 1-3. Sise of Flf F2/ and F3 follicles, and the number

of 9-12mm, 13-20mm, and atretic follicles per hen.
Follicle size

LA Hens

SEM

HA Hens

SEM

32.60a

0.40

32.50a

0.40

29.50a

0.41

30.10a

0.41

24.90a

0.52

25.90a

0.47

0.11

1.54a

0.12

9-12mm

1.12b
1.23a

0.13

1.50a

0.13

atretic

6.17a

0.68

5.98a

0.69

F1 (mm)
F2 (mm)
F3 (mm)
13-20mm

a,b
Values in the same row with different letters are

significantly different (P <.05).

TABLE 1-4. Overall progesterone production (ng/ml) by
granulosa cells during 30 weeks of egg production in low

antibody (LA) and high antibody (HA) hens.

Follicle size

LA Hens

Progesterone

fna/ml)

SEM

HA Hens

SEM
3.43

F1

109.40b

3.30

140.80a

F2

78.90b
26.90b

2.43

107.90a

2.33

1.05

49.70a

0.99

13-20mm

6.63a

0.14

5.26b

0.12

9-12mm

0.32a

0.01

0.15b

0.01

F3

a,b
Values in the same row with different letters are

significantly different (P <.05).
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TABLE 1-5. Progestsron* production (ng/nl) by granulosa

calls at 10, 20, and 30 vaebs of agg production in low
antibody (LA) and high antibody (HA) bans.
Progesterone fna/ml^
Weeks of Eaa Production

Size / Line

10

30

20

Fl/LA hens

123.90Ba

126.OOAa

78.40Bb

HA hens
Pooled SEM

187.70Aa

131.20Ab
1.43

103.40AC

1.49

1.55

F2/IiA hens

89.30Ba

83.80Aa

63.50Ab

HA hens

158.80Aa

90.80Ab
0.99

74.20AC

21.30Bb
47.50Ab

Pooled SEM

0.97

F3/LA hens

29.40Ba

29.90Ba

HA hens
Pooled SEM

62.OOAa

39.70AC

0.45

1.05

0.40

0.42

13-20mm/LA hens

7.69Aa

HA hens
Pooled SEM

5.95Ba

4.57Bb

0.05

0.05

9-12mm/LA hens

0.14Ab
O.llBb

0.17Ab

0.65Aa

0.06BC

0.27Ba

0.01

0.01

0.01

HA hens
Pooled SEM

5.57Ab

A,B

Values in the same column and from the same follicle size

with different letters are significantly different
(P <.05).
a,b,c
Values in the same row with different letters are

significantly different (P <.05).

—Missing data
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levels decreased (P<.05).

A decrease (P<*05) in

progesterone production by 13-20iDm follicles was observed
between 10 and 30 weeks of egg production in both lines
(Table 1-5).

As the hen aged, progesterone secretion by LA

9-12inia follicles increased (P<.05) across all time periods.
Progesterone production by HA hens decreased (P<.05) at 20
weeks followed by an increase (P<.05) at 30 weeks (Table 1-

5).

This may have been an artifact of the radioimmunoassay

since progesterone levels were very near the limits of
detection (lOOpg).
Treatment effects

Progesterone secretion was not different (P>.05) due to
in vitro treatment with control HDll, 200 or 350ul LPS

stimulated HDll media, or 200 or 350ul LPS media (Table 16).

Therefore, only the effects due to treatment with HDll

media from unstimulated macrophages (0 HDll), 5 or 250ng/ml
hrTNFa will be reported.

General handling of the cells

prior to collecting the media may have been enough to

stimulate the release of cytokines and hence explain why
there was no difference between unstimulated and stimulated

media.

Similar results were reported by Bombara and Taylor

(1991).
In vitro treatment with HDll media or hrTNFa decreased

(P<.05) progesterone production by F1 granulosa cells from

both genetic lines (Table 1-7).

Treatment of F1 granulosa

cells from HA hens with 5 or 250ng/ml hrTNFa caused a
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TABLE 1-6. Raprssantativtt sffsot of HDii conditioned nedia
or LP8 nedia treatments on progesterone production (ng/ml)
by F2 granulosa cells from high antibody (HA) and low
antibody (LA) hens.

Progesterone

fna/ml)

Treatment

HA Hens

SEN

Control Nedia

107.9a

2.33

78.9a

2.43

0 HDll

101.3b

2.33

2.33

200ul HDll
350U1 HDll

105.4a

2.34

111.9a

2.33

71.4b
67.6b
66.7b

200U1 LPS

103.5a

2.26

75.4a

2.33

350ul LPS

109.1a

2.26

69.7b

2.66

LA Hens

a,b
Values in the same column with different letters are

significantly different (P <.05).
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SEN

2.26
2.26

TABLE 1-7. Main affact of cytokina traataant on progastarona

sacration (ng/al) by granuloaa calls during 30 vaaks of agg
production in low antibody (LA) and high antibody (HA) hens.
Progesterone (pg/ml)
Size/Treatment

LA Hens

Fl/Control

109.40a

140.70a

92.40b
85.90b

120.10b

0 HDll

5ng/ml TNFa
250ng/ml TNFa
Pooled SEM

104.90a

1.23

HA Hens

109.50c

114.90bc
1.21

F2/Control

78.90a

107.90a

0 HDll

71.40b

101.30b

5ng/ml TNFa
250ng/ml TNFa

67.30bc

92.20c

61.80c

94.20c

0.82

0.82

F3/Control

26.90a

0 HDll

25.90b

49.70b
50.90b

5ng/ml TNFa
250ng/ml TNFa

23.20c

47.30b

23.10c

56.00a

0.35

0.34

Pooled SEM

Pooled SEM

13-20mm/Control

6.63a

5.26a

0 HDll

5.76c

4.91b

5ng/ml TNFa
250ng/ml TNFa

6.03b
5.59b

4.32c

Pooled SEM

0.05

0.05

9-12mm/Control

4.31c

0.32b

0.15a

0 HDll

0.28c

0.10b

5ng/ml TNFa
250ng/ml TNFa

0.35b
0.44a

0.13a

Pooled SEM

0.01

0.01

0.15a

a,b,c
Values in the same column and from the same follicle size

with different letters are significantly different

(P <.05).
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significant decrease (P<.05) in progesterone secretion,
while progesterone production by LA hens was only responsive
to Sng/ml hrTNFa.

Averaged across all time periods, HDll

media and hrTNFa reduced (P<.05) progesterone production by
F2 granulosa cells from HA and LA hens (Table 1-7).

Results

from the F3 follicle were not as consistent as the larger
follicles.

HA hens showed no treatment effect (P>.05) in

response to HDll media or 5ng/ml hrTNFa, whereas

progesterone production was stimulated (P<.05) by 250ng/ml
hrTNFa (Table 1-7).
responsive.

F3 follicles from the LA line were more

Cells cultured in HDll media or both doses of

hrTNFa showed a marked decrease (P<.05) in progesterone

output.

Similarly,

treatment of 13-20mm follicles with

HDll media, 5ng/ml or 250ng/ml hrTNFa decreased (P<.05)
progesterone production by granulosa cells from LA and HA
hens (Table 1-7).

In 9-12mm follicles, overall treatment

effects resulted in a decrease (P<.05) in progesterone

production in both genetic lines in response to HDll media
treatment.

In contrast, 5ng/ml hrTNFa did not affect

(P>.05) progesterone secretion by 9-12mm follicles in either

line (Table 1-7). A dose of 250ng/ml hrTNFa increased
(P<.05) progesterone accumulation in LA 9-12mm follicles,
but not HA follicles.
Treatment effects over time

HDll treatment decreased (P<.05) progesterone secretion

in F1 follicles at 10, 20, and 30 weeks of egg production in
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LA and HA hens (Table 1-8).

Similarly, hrTNFa suppressed

(P<.05) F1 progesterone secretion from LA and HA hens across
all time periods, but not always at both doses (Table 1-8).
A biphasic response was observed due to TNFa treatment.

The

5ng/ml dose depressed progesterone while the higher dose,
250ng/ml, hrTNFa had no effect or raised progesterone
production in agreement with preliminary dose response
studies (Table 1-2) utilizing White Leghorn hens not
selected for antibody response.
Treatment response by the F2 follicle at 10, 20, and 30
weeks of egg production varied for each line.

Treatment of

granulosa cells from LA hens with HDll media significantly
decreased (P<.05) progesterone secretion at 20 weeks (Table
1-8).

Granulosa

cells from HA hens were not responsive to

HDll media at any time period. In contrast, both doses

hrTNFa inhibited (P<.05) progesterone production across all

time periods in the HA line, except at 10 weeks of egg
production when 250ng/ml hrTNFa had no effect.

In LA hens,

both doses hrTNFa reduced progesterone secretion at 20 weeks

(Table 1-8).

The F3 follicle responded similarly to HDll

treatment in both lines.

At 10 weeks of egg production,

HDll media increased (P<.05) progesterone production and at
30 weeks progesterone production decreased (P<.05) (Table 18).

This is in contrast to F1 and F2 follicle which

demonstrated a decrease (P<.05) in progesterone secretion at

10 weeks of egg production.

In the LA line, treatment of F3
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granulosa cells with hrTNFo inhibited (P<.05) progesterone
production across all time periods, except at 10 weeks of
egg production where 5ng/nl had no effect (P>.05).

In

contrast, progesterone secretion by F3 follicles from HA
hens was reduced (P<.05) by a dose of 5ng/ml hrTNF at 20

weeks of egg production and was stimulated (P<.05) by
250ng/ml hrTNF at 30 weeks (Table 1-8).

Due to incubator failure, results from the 13-20mm

follicles at 20 weeks of egg production were lost and were
not usable.

Therefore, only age effects from 10 and 30

weeks of egg production are reported.
production,

At 10 weeks of egg

HDll media increased (P<.05) progesterone

secretion in 13-20mm follicles from LA hens, but had no
effect (P>.05) on HA follicles.

HDll media inhibited

(P<.05) progesterone production by 13-20mm follicles in both

lines of hens at 30 weeks of egg production and was more

pronounced in LA hens.

Progesterone production by granulosa

cells from both lines decreased (P<.05) in response to
hrTNFa at 10 and 30 weeks of egg production, but was dosedependent (Table 1-8).

In 9-12mm follicles, granulosa cells from

HA hens

showed a significant decrease (P<.05) in progesterone
production across all time periods in response to HDll

media, whereas progesterone secretion by LA hens was
inhibited by HDll media only at 10 weeks of egg production.
Treatment of granulosa cells with hrTNFo at 20 weeks of egg
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TABLE 1-8. Effacts Of folllclo slso/troatuent and weeks of
egg production on progesterone levels (ng/nl) in low
antibody (LA) and high antibody (HA) hens.
ProoeBterone fna/ml>
Weeks of Eqq Production

_lo_
Size/Treatment

Fl/Control
0 HDll

5ng/ml TNFa
250ng/ml TNFa
Pooled SEM

F2/Control
0 HDll

5ng/ml TNFa
250ng/ml TNFa
Pooled SEM

F3/Control
0 HDll

5ng/ml TNFa
250ng/ml TNFa
Pooled SEM

13-20mm/Control
0 HDll

Sng/ml TNFa
250ng/ml TNFa
Pooled SEM

9-12mm/Control
0 HDll

5ng/ml TNFa
250ng/ml TNFa
Pooled SEM

LA Hens

123,
.90Bb
108.
.60Cb
106,
.80Cb
160,
.90Ab
2.
.07

30
HA Hens

LA Hens

HA Hens

LA Hens

HA Hens

187.80Aa 126,
.OOAa 131.20Aa
167.90Ba 106,
.lOBa 116.OOAa
156.60Ba
75,
.7oca
82.70Ba
182.90Aa
84,
.20Ca
83.30Ba

78,
.40Ab

103.40Aa
76.40Ba
89.OOAa
78.30Ba
2.19

1,
.99

2.16

89.
.30Ab
96.
.70Ab
92.
.40Ab
76.
.OOBb
1.
.37

152.90Aa
138.40Ba
156.70Aa

29.
.40Bb
36.
.60Ab

2.05

83.
.80Aa
64.
.50Bb
45.
.60Cb
.60Cb
42.
1.
.41

90.80Aa
85.30Aa
76.70Ba
74.70Ba
1.42

62.OOBa
77.30Aa

.90Ab
29.
28.
.80Ab

30.
.80Bb

57.lOBa

25.
,OOCb
0.
,67

55.80Ba
0.59

22.
.70Cb
26.
.80Bb
0.
.56

7.
.69Ba

5.95Ab

9.
.21Aa
8.
,30Ba

5.80Ab
4.61Bb

6.91Ca

4.87Bb

0.
,07

0.06

0.14Aa
0.12Ba
0.14Ab
0.17Aa
0.01

0.llAb

158.80Aa

1.36

0.07Bb
0.07Bb
0.06Cb
0.01

69,
.50Aa
2,
.20

63,
.50Aa
53,
.OOAb
63.
.70Aa
66.
.80Aa
1.
.49

74.20Aa
65.70Aa

39.70Aa

21.
,30Ab

47.50Ba

37.OOAa

13.
.OOCb

38.30Ca

34.70Ba

16.
.20Bb

37.90Aa

17.
.50Bb
0.
.60

50.OOBa
74.30Aa
0.60

0.57

—

—

—

—

0.
.17Ba
0.16Ba
0.17Ba
0.22Aa
0.01

62,
.50Ba
75,
.50Aa

0.06Cb
0.04Db
0.13Bb
0.17Ab
0.01

61.50Ba
51.30Bb
1.47

5.
.57Aa

4.57Ab

2.
.31Db
3.
.76Cb

4.03Ba
4.39Aa

4.>28Ba
0.
,67

0.07

0.65Ca
0.56Da
0.76Ba
0.93Aa
0.01

3.77Bb

0.28Ab

0.20Bb
0.19Bb
0.22Bb
0.01

A,B,C,D
Values in the same column and from the same follicle size with

different letters are significantly different (P <.05).

a,b,c

Values in the seune row and at the same period of egg production with
different letters are significantly different (P <.05).

—Missing data
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production stimulated (P<.05) progesterone secretion in both
lines.

At 10 and 30 weeks of egg production, progesterone

production by 9-12mm follicles from HA hens decreased
(P<.05)

in response to hrTNFa, but in LA follicles 5ng/ml

hrTNFa had no (P>.05) effect.

A higher dose (250ng/ml)

hrTNFa stimulated progesterone production by LA hens at 20
and 30 weeks of egg production.
Androstenedione production

Theca explants from the first three preovulatory
follicles were cultured in the presence of cytokine

treatments.

Androstenedione production was calculated per

gram weight of tissue.

Androstenedione production was at

the limit of detection for this assay (lOOpg).

F1 theca

explants from HA hens produced significantly more (P<.05)
androstenedione than LA hens at 10 weeks of egg production
(Table 1-9).

At 20 and 30 weeks, androstenedione secretion

by F1 theca explants from HA hens was higher than that

secreted by LA follicles, but not different (P>.05).

In

contrast to the F1 theca explants, F2 theca explants from

the LA line produced higher (P<.05) amounts of
androstenedione at 10 weeks of egg production.

At 20 and 30

weeks, androstenedione levels remained higher in the LA line

but were not significantly different (P>.05) from the HA
line.

Androstenedione secretion by F3 follicle from LA

hens was significantly (P<.05) higher at 10 weeks of egg
production as was observed in F2 follicle explants.
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TABLE 1-9. Effects Of follicle sise/treatment and weeks of
egg production on androstenedione levels (ng/ml) in low
antibody (LA) and higb antibody (HA) hens.

10

Size / Treatment

HA

Fl/Control
0 HDll

5ng/ml TNFa
250ng/ml TNFa
Pooled SEM

Androstenedione ^na/ml^
Weeks of Eaa Production
20
HA Hens

LA Hens

HA Hens

LA Hens

27,
.OOBa
23,
.41Ba
.SOAa
50,

3.80Ab
1.61Ab
2.lOAb

9.30Aa

5.60Aa

1.60Aa

0.40Aa

4.71Aa

6.81Aa

42,
.44Aa

6.02Ab
1.53

2.21Aa
1.33Aa
1.55

2.91Aa
2.31Aa

1.21Aa

1.92Ba
0.40Ba
1.42

1,
.48

F2/Control

8.
.02Ab

35.20Ba

8.40Aa

13.90Aa

0 HOll

.OOAb
5,
0,
.32Bb

16.91Ca
24.30Ba

6.62Ab

19.21Aa

9.63Aa

13.80Aa

.30Bb
1,
1,
.40

88.OOAa

7.52Ab

18.42Aa
1.51

5ng/ml TNFa
250ng/ml TNFa
Pooled SEM

F3/Control
0 HDll

5ng/ml TNFa
250ng/ml TNFa
Pooled SEM

30

LA Hens

Hens

1.53

46,
.90Cb
82.OOBa
29.
.21Da
34.71Ca
76.
. 70Aa
76.71Ba
71.
.41Ba 105.03Aa
2.
2.76
.71

1.48

1.61Aa
2.42Aa

8.60Aa
1.94

6.60Ba
5.91Ba
11.72Ba
16.62Aa
1.94

1.06
15.90Aa
8.41Aa
10.81Aa
19.lOAa
1.50

21.OOAa

7.90Bb

12.llAa

18.41Aa

15.51A
16.70Aa

20.81Aa

21.62Aa
15.21Aa
?.71

11.73Ba
10.OlBa
2.66

23.91Aa
17.92Aa
3.55

21.OlAa
21.20Aa
3.IP

A,B,C,D
Values in the same column and from the same follicle size with

different letters are significantly different (P <.05).
a,b

Values in the same row and at the same period of egg production with
different letters are significantly different (P <.05).
—Missing data
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Thereafter, there was no difference between lines (P>.05).
F1 theca explants from the LA or HA line did not

respond to HDll treatment at any time period (Table 1-9).
At 10 weeks of egg production hrTNFa stimulated (P<.05)
androstenedione production in HA hens, whereas

androstenedione levels were depressed (P<.05) at 20 weeks in
response to both doses.

At 20 weeks of egg production the

cytokine depressed secretion 60.71 and 76.79% in the low and
high dose, respectively.

At 30 weeks, hrTNFa increased

androstenedione secretion in theca explants from HA hens as
was observed during early egg production.

Androstenedione

increased 69.5% and 81.4% at 30 weeks in response to 5ng/ml
and 250ng/ml hrTNFa, respectively.

F1 theca cells from LA

hens were not affected (P>.05) by hrTNFa at any time period.

Although numerically, at the final period of sampling TNFa
increased androstenedione accumulation 75.0% and 83.4% in F1
follicles which was consistent with the effect observed with
HA hens.

Treatment of cells with HDll media in both lines had no

effect on androstenedione secretion by the F2 follicle,
except at 10 weeks where treatment decreased (P<.05)

androstenedione production by LA theca explants (Table 1-9).
In the HA line, both doses of hrTNFa inhibited (P<.05)
androstenedione secretion by F2 theca cells at 10 weeks,
whereas at 30 weeks androstenedione increased (P<.05) in
response to 250ng/ml hrTNFa.

The higher dose of 250ng/ml
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hrTNFa increased (P<.05) androstenedione production by F2
theca explants from LA hens at 10 weeks, but neither dose
had any affect (P>.05) at 20 or 30 weeks.

Unlike the F1 and F2 follicle, HDll media inhibited

(P<.05) androstenedione production by F3 theca cells from LA
and HA hens at 10 weeks of egg production and in LA hens at

20 weeks, but was not effective at any other time (Table 19).

Treatment of explant tissue with hrTNFa in the LA line

resulted in no change (P>.05) in androstenedione production,
whereas in the HA line 5ng/ml and 250ng/ml hrTNFa increased
(P<.05) androstenedione levels at 10 weeks.
Discussion

A three-cell model of steroidogenesis has been

proposed for avians by Porter et al. (1989).

According to

this model, granulosa cell progesterone is converted to
testosterone and androstenedione by theca interna and

aromatized to estrogen by theca externa cells.

Progesterone

is manufactured from cholesterol by the delta-4 pathway
through pregnenolone via 36-dehydroxysteroid dehydrogenase
(3B-HSD).

Progesterone is converted to androstenedione via

l7o hydroxylase/Cl7,20 lyase (17a hydroxylase).

Androstenedione can also be made through the delta-5 pathway

which utilizes 17a hydroxylase and metabolizes pregnenolone
to dehydroxyepiandrostenedione (DHEA) and then to

androstenedione by 36-HSD (Griffen and Ojeda, 1992).

Fully

mature, F1 follicle primarily secrete progesterone, while
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androstenedione is highest among F2-F4 follicles (Huang and
Nalbandov, 1979; Etches and Duke, 1984).

In small

follicles, androstenedione is converted to estrogen via P450
aromatase (Armstrong, 1984; Kato et al.. 1995) and serves as

the primary source (Bahr et al.. 1983; Tilly et al.. 1991).
Large preovulatory follicles (F1-F5) seem to prefer the

delta-4 pathway for androstenedione synthesis, while small

follicles use the delta-5 pathway (Robinson and Etches,
1986).

High levels of estradiol has been shown to inhibit

36-HSD activity of the delta-4 pathway in cattle (Fortune,
1986).

As reported by Seigel et al. (1982) and Martin et al.
(1990), the low and high lines show differences in immune

response, growth rates, and egg production.

Age of sexual

maturity is approximately 13 days earlier in the LA line.

Our data agrees in that the LA line reached 15% HDEP 14 days
earlier than the HA line.

Percent hen-day egg production

(30 weeks of egg production) averaged across all time

periods on a physiological basis did not differ between

lines (P>.05).

However, when percent hen-day egg production

was calculated on a chronological basis to 371 days of age,

LA hens laid significantly more (P<.05) eggs.

Similarly,

Siegel et al. (1982) reported LA hen-day egg production to
300 days was significantly higher (P<.05).
No differences (P>.05) were found in follicle size due

to genetic strain.

However, granulosa cells from HA hens
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produced significantly more (P<.05) progesterone than those
from LA hens.

High levels of progesterone have been shown

to suppress ovulation (Tanaka et al., 1987; Wilson and
Sharp, 1976).

Progesterone (50ug and lOOug) administered to

a perfused ovary depressed ovulation rates 60% and 20%,

respectively, while 200ug lowered the ovulation rate to 9%
(Tanaka et al.. 1987).

Thus, the higher levels of

progesterone observed in the HA line may be responsible for
differences in egg production.
Similar to progesterone secretion, androstenedione

production differed between genetic lines.

In general, HA

follicles secreted less androstenedione than LA follicles.

Since preovulatory follicles synthesize steroids primarily
through the delta-4 pathway (Robinson and Etches, 1986),
the regulatory activity of 36-HSD or 17a hydroxylase/C17,20

lyase may differ between HA and LA hens, and thus explain
differences in progesterone and androstenedione synthesis.
As previously stated, high levels of estradiol in
preovulatory bovine follicles inhibited 36-HSD in both theca

and granulosa cells (Fortune, 1986).

This resulted in a

decrease in progesterone production which shifted steroid

production to the delta-5 pathway and increased

androstenedione secretion.

It has also been reported that

progestins decrease 36-HSD activity in porcine theca cells
(Tonetta et al.. 1987).

Differences in steroid production may also be due to
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gonadotropin activity.

Progesterone secretion by granulosa

cells in vitro increases following addition of LH (Marrone
and Hertelendy, 1985).

Robinson and Etches (1986) reported

LH stimulated DHEA and androstenedione production by F2-F5
theca cells in vitro.

In the present study, the time of the

preovulatory LH surge was not known.

If the LH surge

occurred at different times or hens were merely at a
different stage in the ovulatory cycle differences in
steroid production would be observed.

Several studies in the pig, rat, and human have shown
IL-1 decreased progesterone production by granulosa cells
(Fukuoka et al.. 1988; Kasson and Gorospe, 1989; Barak et

al.. 1992).

Results reported in this experiment suggest

cytokines are having a similar effect in the chicken.

Progesterone production by granulosa cells decreased (P<.05)

in response to media obtained from a chicken macrophage cell

line known to produce a protein with IL-1 like activity
(Klasing and Peng, 1987).

F1 granulosa cells from both LA

and HA lines were the most responsive to HDll unstimulated
media, and resulted in an inhibition of progesterone
production at all time periods.

responsive.

Smaller follicles were less

In both genetic lines, HDll reduced (P<.05)

progesterone secretion by 13-20mm follicles at 30 weeks of

egg production, while progesterone secretion by 9-12mm
follicles was inhibited at 10 weeks. In contrast, Fukuoka et

al. (1989) reported a decrease in progesterone production by
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granulosa cells only in immature (l-2mm) or developing (3-

5mm) follicles, whereas the large (8-llmm), fully developed
follicles were not responsive to IL-1 treatment.

However,

in the chicken, small ovarian follicles (<9mm) do not have
steroidogenic competence to produce progesterone (Tilly et
al.. 1991).

In mammals, the steroidogenic pathway is opposite that

of the chicken because most progesterone produced by
granulosa and theca layers is aromatized to estradiol by the
granulosa layer which initiates the LH surge to induce

ovulation.

Immediately prior and following ovulation,

granulosa and theca cells undergo luteinization (Hafez,

1987).

Several studies have reported IL-1 suppressed

morphological luteinization of murine and porcine granulosa
cells (Gottschall et al.. 1987; Fukuoka et al.. 1988, 1989).
Progesterone production was also inhibited by IL-1
(Gottschall et al.. 1987; Yasuda et al.. 1990; Fukuoka et

al.. 1988).

Therefore, cytokine proteins may not be

detrimental to ovarian cells, but could play a role in
preventing premature follicular luteinization (Adashi,
1992).

However, in chickens progesterone production is

important for induction of the LH surge which results in
ovulation (Johnson et al.. 1985).

Inhibition of

progesterone secretion by cytokines may cause adverse

effects in the hen by inhibiting ovulation.
Treatment of chicken granulosa cells with hrTNFa
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decreased progesterone production by all follicle sizes at
most time periods.

The response was much more consistent

than that observed with HDll media treatment.

In most

follicle sizes, 5ng/ml hrTNFa caused maximum inhibition of
progesterone.

Following treatment of porcine luteal cells

with TNFa (0.4ng/ml-100ng/ml), Richards and Almonds (1994)
reported 2ng/ml maximally inhibited LH-induced progesterone
secretion.

A dose of 5ng/ml significantly decreased basal

and FSH-stimulated progesterone production in rat granulosa
cells (Roby and Terranova, 1990).

In the present study,

treatment of chicken granulosa cells with hrTNFa caused a

biphasic response.

Five ng/ml reduced (P<.05) progesterone

secretion, while 250ng/ml increased (P<.05) progesterone to
control levels or in some cases above (P<.05).

Similar

results were observed in our preliminary studies.

Cytokines have been shown to affect steroid production
and enzyme activity in the theca layer (Andreani et al..
1991).

In the rat, IL-la and B decreased gonadotropin-

stimulated androsterone production by theca cells suggesting
a direct modulation of theca-interstitial 17a

hydroxylase/C17,20 lyase activity (Hurwitz et al.. 1991).
In the present study, HDll unstimulated media inhibited

(P<.05) androstenedione secretion by F2 and F3 theca cells
at 10 weeks of egg production.

Since expression of

17ahydroxylase/C17,20 lyase mRNA was reported to be highest

in theca interna cells in the hen (Kato et al.. 1995), HDll
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media may block this enzyme activity, and thus decrease
androstenedione levels observed.

Unlike HDll media,

treatment of hen theca cells with hrTNFa increased (P<.05)

androstenedione production in all three preovulatory
follicles at 10 weeks of egg production.

There were no

affects at 20 or 30 weeks of egg production.

Similar

results were reported by Roby and Terranova (1990) in which

TNFa increased androstenedione and estradiol secretion by
preovulatory theca cells in the rat.

The in vivo effect of cytokines on follicular growth
and egg production, remains to be determined.

Their effect

on theca cells was minimal, whereas granulosa cells were

much more responsive.

Both cytokines markedly reduced

progesterone production by granulosa cells from the largest
preovulatory follicle.

In the chicken,

the ability to

ovulate has been shown to be related to the level of

progesterone produced by the largest preovulatory follicle

(Etches et al.. 1983).

Progesterone secretion by the F1

follicle operates via a positive feedback system by
stimulating the release of LH responsible for ovulation
(Johnson et al.. 1985).

may inhibit ovulation.

Thus, a decrease in progesterone

Johnson and van Tienhoven (1984)

indicated the importance of progesterone in the ovulatory
cycle by injecting hens with aminoglutethimide, a

steroidogenic inhibitor.

Following injection, progesterone

and testosterone levels decreased in a dose-dependent manner
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and ovulation was inhibited.

In the absence of

progesterone, there was no preovulatory rise in LH.
However, an injection of progesterone overcame the

inhibitory effects of aminoglutethimide resulting in a
preovulatory surge of LH and ovulation (Johnson and van
Tienhoven, 1984).

The level of inhibition of progesterone by these
cytokines which will ultimately affect ovulation is not
known.

However, low levels of circulating progesterone are

seen in hens just prior to molt or cessation of egg laying
(Lesczynski et al.. 1983, 1985; Johnson and van Tienhoeven,

1981).

During induced molt in turkeys. Porter et al. (1991)

reported diminished levels of circulating LH, progesterone,
androgen, and estradiol.

Furthermore, basal progesterone

production by F1 and F5 granulosa cells was significantly
reduced (P<.05).

In the present study treatment of

granulosa cells with TNFa, at some time periods, decreased
progesterone levels by half, which may be enough to inhibit
or delay ovulation.

Similarly, hens subjected to an acute

24 hour heat stress showed a 50% decrease in progesterone
production by granulosa cells when compared to unstressed

hens, and totally suppressed the next ovulation (Novero et
al.. 1991).

Furthermore, heat stressed hens had

significantly lower (P<.05) levels of circulating LH during
the time of the LH surge (6 hours prior to ovulation), and
may suggest failure of the positive feedback mechanism to
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the hypothalamus (Novera et al.. 1991).

Reduced levels of

progesterone in response to cytokine proteins may result in
similar effects.

Smaller preovulatory follicles (F2-F3, 13-20mm, and 912mm) responded to cytokine treatment with a decrease in
progesterone production.

Huang and Nalbandov (1979) suggest

theca cells from the F2 and F3 follicle alone cannot

synthesize testosterone or estrogen unless the precursor,
progesterone from the granulosa cell, is added.

A decrease

in progesterone production by granulosa cells may result in
decreased androgen and estrogen production by smaller

follicle groups (13-20mm and 9-12mm).

The role of estrogens

in follicular development and ovulation is not as well

defined as progesterone.

Estrogens may be required for

development of gonadotropin receptors, which permit the
follicle to respond to FSH and LH as the follicle matures

(Bahr et al.. 1983).

However, cytokines have been shown to

be directly involved in inhibiting gonadotropin-supported LH
receptor formation in the rat (Kasson and Gorospe, 1989;
Darbon et al.. 1989).

In the chicken, receptor formation

may be affected directly by cytokines or indirectly by
reducing estrogen levels.

Results from the present study indicate that cytokines

may play a role in reproduction in the chicken by inhibiting

steroid production.

A decrease in progesterone may upset

the steroid balance created by the follicular hierarchy or
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affect ovulation of the largest follicle.

However, the

threshold of progesterone production which will negatively
affect egg production remains to be determined.
Furthermore, we reported differences in sexual maturity, egg
production, and steroid secretion between these two genetic

lines.

These results support other studies which have shown

differences in production traits between LA and HA hens
(Siegel and Gross, 1980; Dunnington et al.. 1991).

Future

studies may determine if there is a genetic link between the
immune system and reproduction.
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PART III

EFFECT OF AN ACUTE IMMUNE CHALLENGE ON STEROIDOGENIC
FUNCTION IN THE LAYING HEN

Abstract

White Leghorn hens selected for a high antibody (HA) or
low antibody (LA) response to sheep red blood cells (SRBC)

were injected 4 times over a 7 day period (day 1, 3, 5, and
7) with sephadex or saline particles to initiate an acute

immune response.

Hens were sacrificed 0, 7, 14, and 21 days

following injection.

Isolated granulosa cells and theca

explants from the three largest preovulatory follicles and
granulosa cells from 13-20mm and 9-12mm follicles were

incubated for 3 hours at 39°C with cytokine enriched medium
from unstimulated macrophage cells (HDll), 350ul conditioned
media from LPS (2.5ug/ml) stimulated macrophage, and 5 or
250ng/ml hxman recombinant tumor necrosis factor alpha
(hrTNFa).

Progesterone and androstenedione secretion were

measured using validated radioimmunoassays.

Monocyte

populations were determined in hens from the same population
and treated similarly with saline, sephadex, or nothing.
Extraction of DNA from granulosa cells followed by gel
electrophoresis was used to assess follicle health.

There

were no differences (P>.05) in follicle size due to genetic
line or immune challenge.

Progesterone production by

preovulatory follicles from both HA and LA hens displayed a
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blphasic response following saline and sephadex treatment
resulting in progesterone secretion 2 fold higher than noninjected hens on day 21.

Small, developing follicles did

not demonstrate a biphasic response.

Progesterone

production by 13-20mm follicles increased (P<.05) whereas a
decrease in progesterone secretion was observed in 9-12mm
follicles.

In vitro treatment with HDll conditioned media

inhibited progesterone production in most follicle sizes,
but varied with time of sacrifice and genetic line, whereas
hrTNFa resulted in a consistent decrease in progesterone

secretion in both genetic lines across all time periods.
Androstenedione production by theca explants increased

(P<.05) in response to an immune challenge.

Steroid

production by theca explants was not affected by in vitro
cytokine treatment at most time periods.
HA hens demonstrated higher (P<.05) monocyte

populations as compared to LA hens, 10% vs. 7%, respectively
regardless of treatment.

In both genetic lines, monocyte

populations began to increase on day 0, peaked on day 7,
followed by a decrease on day 14 and 21.

There was no

indication of follicular atresia following sephadex

treatment in any of the follicles from either genetic line.
Although the effect of an immune challenge on the

reproductive status of the laying hen remains to be
determined, these results suggest that ovarian steroid

production can be altered by an immune challenge in vivo and
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in vitro.
Introduction

During inflammation, macrophage cells are rapidly
mobilized to the area of infection and characteristically
serve as the first line of defense (Dietert et al.. 1991).

Release of cytokines from macrophage cells results in
recruitment and activation of lymphocytes and orchestrate
the systemic acute-phase response.

Recently, several

studies have demonstrated a relationship between cytokines
and reproductive function (Adashi, 1989; Fukuoka et al..
1989; Roby and Terranova, 1990).

In mammals, the ovaries

have been shown to contain macrophages and other white blood
cells during the periovulatory and luteal phases (Adashi,
1990).

Shakil and Whitehead (1994) reported rat granulosa

cell progesterone decreased in the presence of peritoneal
macrophages.

In chickens, resident ovarian macrophages have not been
documented to our knowledge.

The number of peritoneal

macrophage are low compared to mammals (Chu and Dietert,

1988), and can be recruited to the peritoneal cavity
following injection with various irritants (Trembecki et
al.. 1984).

Leukocytes move from the blood into the area of

infection within 30 minutes after introduction of an

immunogen.

Heterophil and monocyte migration occurs

concurrently.

Four hours following injection heterophil

numbers decline, but macrophage infiltration continues for
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72 hours (Klaslng, 1991).

Sephadex, starch, glycogen, and

saline are all equally capable of attracting peritoneal
exudate cells, but sephadex is most affective in recruiting
predominantly macrophage cells (Trembecki et al.. 1984;
Sabet et al.. 1977; Chu and Dietert, 1988).

Four hours

following a sephadex challenge, over 80% of the acciunulating
cells are macrophages which increase to 95% by day 3

(Klasing, 1991).

Stimulation of macrophage during the early

stages of an inflammatory response results in production and
secretion of monokines (Dietert et al.. 1991).

Avian

macrophage cells have been shown to secrete proteins with

IL-1 and TNF-like activity (Klasing and Peng, 1990; Qureshi
et al., 1990).

The effects of cytokine proteins on the

avian ovary remains unknown.

White Leghorn hens used in

this study selected for HA or LA response to sheep red blood
cell injection (SRBC) have been shown to differ in immune

response (Kreukniet et al., 1994; Scott et al., 1991).

The

objective of this experiment was to determine the effect of

an acute immune challenge on ovarian steroidogenesis in
White Leghorn hens selected for a HA or LA response to SRBC.
Materials and Methods

Eighty White Leghorn hens selected for a high or low
antibody response to sheep red blood cell injection were

raised at Cherokee Poultry Farm, The University of
Tennessee.

At 350 days of age, 40 hens from each line were

injected intraperitoneally with 1% saline or 10% sephadex G65

50 solution (Sigma, St. Louis, MO) to initiate a strong
immune response.

Hens were injected every other day over a

7 day period with a dose of lml/333g body weight.

Six

sephadex treated hens and 4 saline treated hens from each
line were sacrificed the day after the last injection (Day

0), 7, 14, and 21 days following injection.

Ten LA hens,

371 days of age, and 10 HA hens, 385 days of age, were used

as non-injected controls.

At the time of sacrifice, all

hens were bled via a brachial wing vein and weighed.

The

ovary from each hen was removed, placed in RPMI 1640 media
(Gibco, Grand Island, N.Y.) and kept on ice.
counted and sorted by size.

Follicles were

Granulosa and theca layers from

the Fl, F2, F3, 13-20mm, and 9-12mm follicles were

microdissected aseptically as described by Tilly et al.
(1991), pooled according to size, placed in RPMI 1640 media,
and kept on ice.

Granulosa cells from the first three

preovulatory follicles were isolated by trypsin digestion
(2.5%) in Hank's basal salt solution (Gibco) for 15 minutes
at 37®C.

Cells from all follicles were washed in RPMI 1640

and centrifuged at 850 x g for 2-4 minutes, supernatant
discarded, and washed a second time.

The cells were

resuspended in RPMI 1640 media plus 1% antibiotics (5000

units penicillin, 5mg/ml streptomycin, lOmg/ml neomycin;
Sigma) plus 0.1% bovine serum albumin (BSA; Sigma) and
counted by trypan blue dye using a hemacytometer.

Cells

were cultured in sterile microcentrifuge vials (Fischer,
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Pittsburg, PA) for 3 hours at 39"C, 5% cOj, at a density of

5 X 10^ cells/0.5ml of media.

Granulosa cells were exposed

to each of the following treatments, 1) control: RPMI 1640
media supplemented with 1% antibiotics and 0.1% BSA; 2)
Unstimulated HDll conditioned media; 3-4) 200 or 350ul

conditioned media from LPS (2.5ug/ml LPS) stimulated

HDll

cells; 5-6) 200 or 350ul media containing 2.5ug/ml LPS; 7-8)
5 or 250ng/ml hrTNFa.

Following incubation, cells and media

were frozen at -20®C.

Progesterone content was determined

via commercial radioimmunoassay kit validated for the

chicken in our laboratory (Diagnostic Products, Los Angeles,
CA).

Intra and inter assay variation were determined to be

7.2% and 2.2%, respectively.

Theca tissue (externa and interna) weighing between

0.025 and 0.031 gram was plated as explants in 0.5cm^ wells
of tissue culture plates (Falcon, Oxnard, CA) and exposed to
the same in vitro treatments and conditions as granulosa
cells.

20®C.

After incubation, media was removed and frozen at -

Media was analyzed for androstenedione content by

radioimmunoassay using Wein antibody #03512 (Wein
Laboratories, Succasunna, NJ) validated in our laboratory
for the chicken.

Intra assay and inter assay variation were

determined to be 11.3% and 13.9%, respectively.
Media preparation

A chicken macrophage cell line (HDll) was cultured in

150 cm^ tissue culture flasks (Corning, Stone Mountain, GA)
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at 39®C in RPMI 1640 media, containing 5% fetal calf serum,

and 1% antibiotics (5000 units penicillin, 5mg/ml
streptomycin, lOmg/ml neomycin; Sigma, St. Louis, MO).
Cells were grown to near confluency, washed three times with
Hank's basal salt solution (Gibco, Grand Island, NY), and

treated with fresh serum free media plus 2.5ug/ml LPS for 24
hours to activate cells and cause the release of cytokine

proteins.

Media was collected, pooled, and dialyzed (10,000

MW) against RPMI 1640 media for 24 hours at 4''C to remove

inhibitory proteins to IL-1 (Klasing and Peng, 1987).

Conditioned media was sterile filtered, aliquoted , and
frozen at -80"C.

Control, unstimulated HDll media was

obtained using the same procedures except the cells were not
treated with LPS.

To test the residual effects of LPS that

may be present in conditioned HD-11 media, granulosa and
theca cells were treated with RPMI media containing 2.5ug/ml
LPS.

Media was dialyzed under the same conditions as the

HDll conditioned media, sterile filtered, and stored at -

80®C.

Human recombinant tumor necrosis factor alpha

(hrTNFa; R&D Systems, Minneapolis, MN) was stored as
lug/ml stocks in complete media at -80°C until use.

Stock

solutions were diluted to a final concentration of 5 or

250ng/ml immediately prior to in vitro use.
White blood cell populations

Differential white blood cells were counted to

determine if sephadex treatment caused a change in cell
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populations.

Since hens used for in vitro studies were

sacrificed at each time period, changes in white blood cell
populations over time could not be measured.

Therefore, LA

and HA hens from the same flock were used to monitor changes

in white blood cell populations following an immune
challenge.

Twenty-one hens from the LA line and 19 hens

from the HA line, were injected with 10% sephadex or saline

on day 1, 3, 5, and 7 as described previously.

Five non-

injected hens from each line served as controls.

Blood was

collected from all hens via brachial wing vein at 0, 7, 14,
and 21 days.

Blood was diluted 1:100 with Natt and

Herrick's solution (Campbell, 1988), and white blood cells
were counted using a hemacytometer.

Blood smears were made

on glass slides and stained with Wright-Giemsa stain (Brown,
1993).

Monocytes and heterophils were counted and recorded

as a percentage of the total white cell population.
DNA extraction/gel electroohoresis

DNA was extracted from F2, F3, and 13-20mm granulosa

cells collected from sephadex treated hens as a

representative sample of large and small follicles,
respectively.

A negative control was created by culturing

granulosa cells from untreated hens for 24 hours at 39®C to
induce cell death.

Additional cells from the same hens were

snap-frozen immediately following dissection of the follicle
and used as a positive control.

Aliquots of each sample

containing 2 x 10® granulosa cells were placed in epindorph
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tubes.

Media was evaporated from the samples in a Speedvac

Concentrator (Savant Instruments, Inc.) to ensure collection

of small molecular weight DNA which may have been released
from lysed cells during storage.

DNA was extracted

according to Tilly and Hsueh (1993) with modifications as
described.

Four hundred microliters of homogenation buffer

consisting of O.IM NaCl, O.IM EDTA, 0.3M Tris-HCL, and 0.2M
sucrose (pH8) was added to each sample.

Cells were lysed by

addition of 25ul 10% sodium dodecyl sulphate (Sigma, St.
Louis MO), mixed, and incubated at 65®C for 30 minutes.

Following incubation, 70ul 8M potassium acetate (Sigma) was
added.

Samples were mixed again and incubated on ice for 60

minutes.

Samples were centrifuged at 14,000 rpm at 4®C for

10 minutes and supernate collected. Supernatant was

extracted with equal volume phenol:chloroform:isoamyl
alcohol (25:24:1) followed by re-extraction with an equal

volume chloroform:isoamyl alcohol (24:1).

The upper aqueous

phase was collected and precipitated by adding 2x volume

100% ethanol, followed by centrifugation at 14,000 rpm at
4°C.

The pellet was resuspended in 50ul TE buffer (lOmM

Tris-HCL, ImM EDTA;pH 8) and digested with lul DNase-free
RNase (Boehringer-Manneheim, Indianapolis, IN) for 60

minutes at 37"C.

Samples were extracted with equal volume

phenol:chloroform:isoamyl alcohol followed by re-extraction

with chloroform:isoamyl alcohol.

DNA was precipitated by

addition of O.lx volxime 3M sodium acetate (Sigma) and 2x
70

volume 100% ethanol and incubated at -20*>C for 2 hours and

collected by centrifugation (14,000 x g at 4®C for 30
minutes), washed with 80% ethanol, and dried under vacuum in
a Speedvac Concentrator.

Pellets were resuspended in 20ul

sterile water and guantitated by absorbance at 260nm.

Following extraction, 4-6ug DNA was loaded onto a 1.5%
agarose gel (SeaKem low melting agarose; FMC Bioproducts,

Rockland, ME) and separated by electrophoresis for 1.5 hours
at 80 V using Ix TrisBorate EDTA (TBE; 0.05M TrisHCL, 0.03M

boric acid, and O.OIM EDTA) as a running buffer.

The gel

was stained with ethidium bromide and visualized via short

wave (254nm) ultra violet light for the presence of the 185

base pair DNA banding pattern indicative of atresia (Tilly
and Hsueh, 1993).
Data analvsis

Data were analyzed using the General Linear Models

(GLM) program in statistical analysis system (SAS, 1990).
Means were separated using Fisher's least significant

difference test.

All data analyzed were log transformed

prior to analysis.

Table values are reported as LS Means of

non-log transformed data with letters indicating significant

differences between means of log transformed data.
Results

Line effects

There were no differences (P>.05) in follicle size

between HA or LA hens due to injection treatment or gentetic
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line (Table 2-1).

Similarly, the number of 9-12mm follicles

or atretic follicles per hen was not different (P>.05).
Sephadex treated LA hens produced fewer (P<.05) 13-20mm

follicles as compared to HA sephadex or HA and LA saline

hens (Table 2-1).

There was no sign of follicular atresia

due to sephadex treatment as shown by the absence of DNA
fragmentation (Figure 1).
As compared to non-injected hens, Fl, F2, F3, 13-20mm,
and 9-12mm follicles from HA hens treated with saline or

sephadex secreted more (P<.05) progesterone (Table 2-2).

In

LA sephadex and saline treated hens, Fl and F3 follicles
secreted more (P<.05) progesterone compared to non-injected
hens.

F2, 13-20mm, and 9-12mm follicles from both LA saline

and sephadex hens did not respond, or progesterone secretion
was lower (P<.05) as compared to non-injected hens.
Differences were found in steroid secretion between

genetic lines (Table 2-2).

In the HA line granulosa cells

from all follicle sizes, except the F3, secreted

significantly more (P<.05) progesterone than follicles from
LA hens in both saline and sephadex groups.
Within each genetic line there were differences in

steroid production following saline or sephadex treatment

(Table 2-2).

Follicles collected from HA sephadex treated

hens secreted more (P<.05) progesterone than those treated

with saline.

In the LA line, progesterone production by Fl

and 13-20mm follicles was not changed (P>.05) by saline or
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TABLE 2-1. Folliols slstt, nuBbsr of snail folliclss and
atratio folliclss par han.

F1 (mm)
F2 (mm)
F3 (mm)
13-20mm
9-12mm

Atretic
Pooled SEM

Seohadex
Saline
Control
HA Hens LA Hens HA Hens LA Hena HA Hens LA Hens
32.8a
33.7a
32.6a
32.7a
32.6a
32.5a
29.7a
30.7a
28.7a
29.5a
29.4a
30.1a
24.7a
26.5a
26.4a
25.5a
24.9a
25.9a
1.0b
l.lab
1.3a
1.2ab
l.lab
1.5a
1.1a
1.3a
1.3a
1.1a
1.2a
1.5a
5.2a
6.6a
5.7a
4.9a
5.9a
6.1a
0.4
0.4
0.4
0.5
0.4
0.4

a,b
Values in the same row with different letters are

significantly different (P <.05).

TABLE 2-2. Main affact of salina and sephadex injection
on progastarona production (ng/ml) in high antibody (HA)
and low antibody (LA) bans.

Follicle / Injection

Fl/No Injection

Progesterone (no/mH
HA Hens
LA Hens
103.3Ca

78.4Bb

Saline

137.9Ba

95.2Ab

Sephadex

160.3Aa
0.47

89.2Ab

74.2Ca

63.5Ab

Pooled SEM

F2/NO Injection

0.47

Saline

88.6Ba

54.2Bb

Sephadex

96.2Aa
0.01

63.0Ab

47.4Aa

21.3Bb
23.0Ba
27.0Ab
0.01

Pooled SEM

F3/NO Injection
Saline

Sephadex
Pooled SEM

13-20inm/No Injection
Saline

26.6Ca
37.3Ba
0.01
4.5Bb
6.0Aa

0.01

5.5Aa
3.8Bb

Sephadex

5.9Aa

3.8Bb

Pooled SEM

0.03

0.03

9-12mm/No Injection

0.3Cb

0.6Aa

Saline

0.8Ba

Sephadex

1.4Aa
0.01

0.6Ab
O.SBb
0.01

Pooled SEM

A,B,C
Values in the saune column and from the same follice size

with different letters are significantly different
(P <.05).
a,b
Values in the same row with different letters are

significantly different (P <.05)
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AB

CDE

FG

H

bp
11497
ML

1700

805

339
247

Figure 1.

Analysis of granulosa cell DNA collected from

sephadex treated hens.

A) negative control-F2 granulosa

cells collected from untreated hens and cultured for 24

hours to induce cell death B) negative control-13-20mm
granulosa cells from untreated hens and cultured for 24

hours to induce cell death C) positive control-13-20mm
granulosa cells snap-frozen immediately following dissection
of the follicle D) 13-20mm granulosa cells collected from
hens treated in vivo with sephadex E) F2 granulosa cells
collected from sephadex treated hens F) F3 granulosa cells
collected from sephadex treated hens G) empty lane H) Lamda
PstI DNA size markers
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sephadex treatment.

F2 and F3 LA follicles from sephadex

hens secreted more (P<.05) progesterone than LA saline
treated hens, whereas 9-12mm follicles from sephadex hens

secreted less (P<.05) progesterone than saline hens.
In vivo treatment effects:

Progesterone production

F1 and F2 granulosa cells from HA and LA hens treated

in vivo with saline or sephadex demonstrated a biphasic
progesterone response when compared to non-injected hens
(Table 2-4 and 2-5).

Progesterone production was stimulated

(P<.05) on day 0 (HA) or 7 (LA), followed by a decrease

(P<.05) on day 14, and by day 21 progesterone secretion was

twice that of non-injected hens.

In both genetic lines,

progesterone secretion by the F3 follicle initially
decreased (P<.05) on day 0 and 14 followed by a 1.5 to 2

fold increase (P<.05) on day 21 following saline and
sephadex treatment (Table 2-6).

The biphasic response due to in vivo treatment with
saline or sephadex was not evident in the smaller follicles.

In HA saline and sephadex treated hens, 13-20mm and 9-12mm

follicles secreted more (P<.05) progesterone than control
hens across most time periods (Table 2-7 and 2-8).

In

contrast, 13-20mm and 9-12mm follicles from LA hens showed a

decrease (P<.05) in progesterone production at most time

periods following saline or sephadex treatment (Table 2-7
and 2-8).
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In vitro treatment effects

In vitro treatment of granulosa cells with HDll
conditioned or LPS media altered steroid production.

There

were no differences (P>.05) between 200ul or 350ul of HDll
stimulated media, and 200ul or 350ul of LPS media (Table 23).

Therefore, only the effects due to treatment with HDll

unstimulated media (0 HDll), 350ul stimulated media, and 5
or 250ng/ml hrTNFa will be reported.
F1 progesterone production

In vitro treatment with HDll media (350ul) increased
(P<.05) progesterone production by saline injected HA hens

on day 0 and then suppressed the accumulation 14 and 21 days
later (both doses; P<.05; Table 2-4).

Five ng/ml hrTNFa

decreased (P<.05) progesterone accumulation on days 7 and
14, and had no affect (P>.05) otherwise.

Two hundred and

fifty ng/ml hrTNFa was only suppressive to progesterone

secretion in saline hens during the later period, 14 and 21
days, of the experiment (P<.05).

All cytokine treatments

inhibited (P<.05) progesterone secretion from sephadex
treated HA hens across all time periods, but not always at
both doses.

In the LA line, granulosa cells from

saline hens were

not responsive to any in vitro cytokine treatment, except at
day 0 during which a decrease (P<.05) in progesterone
production was observed due to 5ng/ml or 250ng/ml hrTNFa or
0 HDll (Table 2-4).

Sephadex hens from the LA line were
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TABLE 2-3. RaprasMtativ* affact of HDll conditionad nadia

or LPS madia traataants on progastarona production (ng/nl)
by F2 granulosa oalla from high antibody (HA) and low
antibody (LA) hans.
Prooeaterone < no/mH
Treatment

Control Media
0 HDll
200ul HDll
350ul HDll
200ul LPS
350ul LPS

HA Hens
107.9a

101.3b
105.4a
111.9a

103.5a
109.1a

SEM

2.33
2.33
2.34
2.33
2.26
2.26

LA Hens

2.43

71.4b
67.6b
66.7b
75.4a
69.7b

2.33

a,b
Values in the same column with different letters are

significantly different (P <.05).
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SEM

78.9a

2.26

2.26
2.33
2.66

TABLE 2-4. Effttcto of day/troataont and typa of injection on
progesterone production (ng/al) by F1 granulosa cells from
high antibody (HA) and low antibody (LA) hens.

Progesterone (na/mH
Saline
Seohadex
LA Hens HA Hens LA Hens
HA Hens
LA Hens
78.4Ab
97.2Bb
145.2Aa* 191.6Aa*
85.8Ab
62.5Ba 108.6Ba
120.2Ba
147.OBa
81.7Ab
87.9Ab 126.SAa
137.6Aa
183.SAa
90.7Ab
75.5Aa
91.3Bb
107.2Ca
158.3Ba
66.4Bb
69.5Aa 100.6Bb
117.8BCa 162.4Ba
80.2Ab
2.2
1.0
1.0
1.0
1.0

Control

Day/Treatment

HA Hens

0/Control

103.3Aa

0 HDll
350ul HDll

5ng/ml TNFa
2S0ng/ml TNFa
Pooled SEM

7/Control
0 HDll

350ul HDll

5ng/ml TNFa
250ng/ml TNFa
Pooled SEM

14/Control
0 HDll
350ul HDll

76.4Ba
116.4Aa
89.OAa
78.3Ba
2.2

103.3Aa
76.4Ba
116.4Aa
89.OAa
78.3Ba
2.2

78.4Ab
62.5Ba
87.9Ab
75.SAa
69.SAa
2.2

103.3Aa
76.4Ba
116.4Aa
89.OAa

78.4Ab

83.SAa

72.2Aa

72.SBa

63.OAa

62.5Ba
87.9Ab

66.4Ba
SO.SCb

58.OBa
73.9Aa

66.7Ba

75.SAa

47.7C
48.SC

41.6Cb
68.SAa
Sl.lBb
SO.lAb
1.1

Sng/ml TNFa
250ng/ml TNFa 78.3Ba
Pooled SEM

21/Control
0 HDll
3S0ul HDll

2.2
103.3Aa
76.4Ba
116.4Aa

Sng/ml TNFa
89.OAa
2S0ng/ml TNFa 78.3Ba
Pooled SEM

2.2

69.SAa
2.2

132.6Aa* 104.lAb* 131.lAa* 106.9Ab*
123.9Aa
95.5Ab
124.9Aa
72.5Cb
144.3Aa
103.7Ab
118.OBa
112.lAa
110.7Ba
96.3Ab
84.5Ca
88.1Ba
124.2Aa
105.3Ab
101.4Ba
97.SAa
1.1
1.1
1.0
1.1

1.1

78.4Ab 238.SAa*
62.SBa 212.OBa

87.9Ab 195.4Ba
75.SAa 225.2Aa
69.SAa 209.9Ba

2.2

1.0

A,B,C

S3.4Cb
6S.8Ba
84.SAa

1.1

1.1

S8.9Ab* 246.OAa* 100.7Ab*
23S.4ABa 104.7Ab
SO.lAb
219.9Ba
89.3Bb
S3.SABb 270.OAa
68.3Cb
SO.BBb
220.3Ba
72.1Cb

60.9Ab

1.0

1.0

1.0

Values in the same column and from the same day with different
letters are significantly different (P <.0S).

a,b

Values in the same row and from the same in vivo injection
treatment with different letters are significantly different

(P <.0S).
*

Values in the szune row and from the same line are significantly

different (P <.0S) from control hens.
—Missing data
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only responsive to 0 HDll media 7 and 14 days after the
challenge which resulted in decreased progesterone secretion
(P<.05).

Three hundred and fifty ul LPS stimulated media

was without affect until 21 days after treatment where it
also lowered secretion (P<.05).

Five ng/ml hrTNFa reduced

(P<.05) progesterone secretion across all time periods,

while 250ng/ml was without effect on sephadex hens until day
21 (P<.05).
F2 progesterone production

Saline treated hens from the HA line were unresponsive
to any cytokine treatment in vitro, except on day 7 in which
all treatments stimulated (P<.05) progesterone production,
and day 14 when 5ng/ml hrTNFa decreased (P<.05) progesterone

secretion (Table 2-5).

Progesterone secretion from sephadex

treated hens in the HA line decreased (P<.05) in response to
cytokine treatments across all time periods, but not always
at both doses of HDll or hrTNFa media (Table 2-5).

Two

exceptions were noted in response to 350ul HDll media on day
0 and in response to 0 HDll media treatment on day 7.

On

these days progesterone secretion increased (P<.05).
In saline hens from the LA line, progesterone
production was stimulated on day 0 by 350ul HDll media,
suppressed (P<.05) by both doses of HDll media on day 7, and
had no effect thereafter (P>.05; Table 2-5).

Treatment of

granulosa cells with hrTNFa inhibited progesterone (P<.05)
across all time periods, except day 0.
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HDll treatment of

TABLE 2-5. EffACts of day/troataont and type of Injaction on
progestarona production (ng/nl) by F2 granulosa calls fron
high antibody (HA) and low antibody (LA) bans.

Dav/Treatment

0/Control
0 HOll
350ul HDll

5ng/ml TNFa
250ng/ml TNFa
Pooled SEM

7/Control
0 HOll
350ul HOll

5ng/ml TNFa
250ng/ml TNFa
Pooled SEM

14/Control
0 HOll

350ul HOll

5ng/ml TNFa
250ng/ml TNFa
Pooled SEM

21/Control
0 HOll
350ul HDll

Progesterone (no/ml>
Seohadex
Control
Saline
HA Hens LA Hens HA Hens LA Hens
HA Hens LA Hens
74,
.2Aa
63,
.5Aa
94,
,7Aa* 3S.5Bb*
.2Ba* 40.
.lAb*
S4.
65.
.7Aa
53,
.OAb
92,
.lAa
37.7Bb
70.
.2Ca
41.
.2Ab
73,
.6Aa
63,
.3Aa 102,
.6Aa
47.lAb
.OAa
39.
101.
.OAb
61,
.5Ba
63,
.7Aa
S3,
.SAa
37.9Bb
5S.
.70a
31.
.9Bb
51,
.3Bb
66,
.SAa
S7,
.3Aa
39.IBb
56.
.40a
32.
.5Bb
1,
.5
1,
.5
1,
,1
1.0
1.
.0
1.
.0
74,
.2Aa
65.
.7Aa
73.
.6Aa
61.
.5Ba
51.
.3Bb
1.
.5

53.
.OAb
63.> 3Aa
63.
.7Aa
66.
. SAa
1.
,5

66.
,lCa* 5S.OAb
S6.
50.4Bb
.3Aa
74.
.5Ba
52.IBb

113.
.7Ba* SI.
,7Ab*
142.
.SAa
121.
.OBa

SI.
.4Ab
S4.
.3Ab

79.
.3Ba
S6., SAa

100.
.5Ca
114.,SBa

74.
.SBa

3S.90b
45.6Cb

1.
,0

1.0

.0
1.

72.
.IBb
1.
.0

74.
.2Aa
65.
.7Aa
73.
.6Aa
61.
.5Ba
51.
.3Bb
1.
.5

63.
. 5Aa

50.
.4Aa

53.
.OAb

50.
.5Aa* 45.9Aa

44.
.3Ca

33.
.7Bb

63.
.3Aa
63.
.7Aa

50.
.7Aa
43.
.2Ba

49.9Aa

49.
.9Ba

31.SCb

41.
.9Ab
21.
.7Cb

66.SAa

4S.SAa
1.0

39.SBb
1.0

56.OAa
49.
.2BCa 23.SCb
1.
,0
1.
,0

74.2Aa

63.5Aa 142.9Aa* 70.7Ab

127.SAa* 95.3Ab*

65.7Aa
73.6Aa

53.0Ab
63.3Aa
63.7Aa
66.SAa
1.5

100.5Ba
94.9Aa
107.4Ba 106.4Aa
75.3Ca
75.2Ba
79.5Cb
99.3Aa
1.0
1.1

5ng/ml TNFa
61.5Ba
250ng/ml TNFa 51.3Bb
Pooled SEM

63,
.5Ab

1.5

1.
,5

151.lAa
139.4Aa
144.SAa
146.7Aa
1.0

49.4Aa*

62.6Ab
69.6Ab
54.2Bb
46.0Cb
1.0

59.
,2Aa* 34.• SBb*

A,B,C,D

Values in the same column and from the same day with different
letters are significantly different (P <.05).

a,b

Values in the same row and from the same in vivo injection
treatment with different letters are significantly
different (P <.05).

*

Values in the same row and from the same line are significantly

different (P <.05) from control hens.
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sephadex treated LA hens had no affect (P>.05) on

progesterone accumulation except on day 14 when 350ul HDll
media was stimulatory (P<.05).

TNFa treatment inhibited

(P<.05) progesterone production across all time periods, but
not always at both doses.
F3 progesterone production

In vitro cytokine treatment of HA saline hens with HDll
unstimulated media did not affect (P>.05) progesterone
production at any time period, except day 0 when steroid
secretion was increased (P<.05; Table 2-6).

In contrast,

350ul LPS stimulated macrophage media increased (P<.05)
progesterone secretion by F3 follicles at all time periods
except day 21 where the effect of the cytokine was to

decrease (P<.05) accvimulation.

TNFa decreased (P<.05)

progesterone production across all time periods, but not
always at both doses (Table 2-6), except on day 21 where

250ng/ml hrTNFa increased (P<.05) progesterone production.
Sephadex treated hens from the HA line responded to HDll

media with an increase (P<.05) in progesterone production on
day 0 and 21, whereas hrTNFa reduced (P<.05) progesterone

secretion across all time periods, but not always at both
doses (Table 2-6).
Unstimulated HDll media treatment of LA saline hens

decreased (P<.05) progesterone on day 0 only, whereas on
days 7 and 21 350ul HDll media stimulated (P<.05)
progesterone secretion.

In contrast, both doses hrTNFa
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TABLE 2-6. Effects of day/treatment and type of injection
on progesterone production (ng/nl) by F3 granulosa cells
from high antibody (HA) and low antibody (LA) hens.

Day/Treatment

0/Control
0 HDll
350ul HDll

5ng/ml TNFa
250ng/ml TNFa
Pooled SEM

7/Control

Proaeflterone fno/mH
Saline
Sephadex
Control
HA Hens LA Hens HA Hens
LA Hens
HA Hens LA Hens
47.4Ca 21.3Ab 16.0Aa« 15.2Aa* 22. oca* 11.4Ab*
8.9Bb
38.3Da
13.0Cb
IS.OBa
13.0Bb
24. 4Ba
11.9Ab
SS.lBa
15.3Bb
17.0ABa
13.9ABb
29. 3Aa
SO.OCa 16.2Bb 14.7Aa
9.5Cb
17. 5Da 12.3Ab
74.3Aa 17.5Bb 12.0Ca
12.2Ba
16. 5Da
9.8Bb
1.0
0.6
0.6
1.0
1.0
1.0

47.4Ca

21.3Ab

32.1Ba

14.1Bb*

37.SAa* 31.3Bb*

0 HDll
350ul HDll

38.3Da
SS.lBa

13.0Cb
lS.3Bb

31.5Ba
36.SAa

13.4Bb
21.2Ab

31.9Ba
36.SAa

32.SBa
37.3Aa

Sng/ml TNFa
2S0ng/ml TNFa

SO.OCa
74.3Aa

16.2Bb
17.SBb

20.9Ca
21.8Ca

lS.2Bb
14.7Bb

23.SCa
29.3Ba
1.0

24.8Ca

Pooled SEM

14/Control

0.6

0.6

1.0

1.0

24.8Cb
1.0

47.4Ca

21.3Ab

lO.SBb*

32.1Aa*

21.1Aa* 17.SAb*

0 HDl

38.3Da

13.0Cb

10.2Bb

28.7Aa

19.4Aa

3S0ul HDll

SS.lBa

lS.3Bb

12.0Ab

28.7Aa

22.3Aa

14.8Cb

Sng/ml TNFa
SO.OCa
2S0ng/ml TNFa 74.3Aa

16.2Bb
17.SBb

B.SCb
8.4Cb

20.6Ca
23.4Ba

12.0Ca
13.7Bb

13.7Ca
16.7Ba

Pooled SEM

21/Control

0.6

0.6

1.0

1.0

1.0

IS.lCb

1.0

47.4Ca
38.3Da
SS.lBa

21.3Ab
13.0Cb
lS.3Bb

47.8Ba
SO.OABa
37.7Ca

30.4Bb*
28.8Bb
38.0Aa

68.6Ba* 47.6Ab*
76.7Aa
47.0Ab
77.0Aa
46.0Ab

Sng/ml TNFa
SO.OCa
2S0ng/ml TNFa 74.3Aa
Pooled SEM
0.6

16.2Bb
17.SBb
0.6

39.6Ca
S4.7Aa
1.0

26.4Cb
22.0Db
1^0

SS.7Ca
71.IB
1.0

0 HDll
3S0ul HDll

41.4Bb
40.9Bb
1.0

A,B,C,D

Values in the same column and from the dame day with different
letters are significantly different (P <.0S).
a,b

Values in the same row and from the same in vivo injection
treatment with different letters are significantly different

(P <.0S).
*

Values in the same row and from the same line are significantly

different (P <.0S) from control hens.
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inhibited (P<.05) progesterone production at all time
periods, except day 7 which was not affected (P>.05).
Progesterone production by granulosa cells from LA sephadex
hens decreased (P<.05) on day 0 and 14 in response to 0 HDll
media.

Three hundred and fifty ul HDll media increased

(P<.05) progesterone accumulation on day 7 followed by a
decrease (P<.05) on day 14.

Similar to the HA line, both

doses of hrTNFa markedly inhibited (P<.05) progesterone

production in the LA sephadex hens across all time periods,
except day 0 when 5ng/ml had no affect (P>.05).
T^-:?nTTnn progesterone production

The smaller follicles were more responsive to 0 HDll
treatment than the larger preovulatory follicles (Table 27).

Progesterone secretion by granulosa cells from HA

saline hens was not different (P>.05) at day 0, increased
(P<.05) at day 7, followed by a decrease (P<.05) at day 14

and 21 in response to 0 HDll media.

Human recombinant TNFa

inhibited (P<.05) progesterone secretion by HA follicles at
day 0 and 14, and numerically decreased secretion on day 21.
Granulosa cell progesterone production from HA sephadex
follicles decreased (P<.05) on day 0 and 14 and rose (P<.05)
on day 7 in response to 0 HDll media or hrTNFa (Table 2-7).
Neither cytokine affected steroid secretion on day 21.
In the LA saline treated line, both 0 HDll media and

hrTNFa reduced (P<.05) progesterone production across all

time periods, except day 21 when only 5ng/ml hrTNFa was
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TABLE 2-7. Effects of day/treatment and type of Injection on
progesterone production (ng/ml) by l3-20inm granulosa cells
from high antibody (HA) and low antibody (LA) hens.

0/Control
0 HDll

5ng/ml TNFa
Pooled SEM

7/Control

Progesterone (no/mH
Seohadex
saline
Control
HA Hens
LA Hens HA Hens
LA Hens
HA Hens LA Hens
6.4Aa*
5.3Ab
8.6Aa*
4.5Ab*
4.6Ab
5.6Aa
4.2Bb
B.OAa
3.9Bb
4.0Ba
2.3Cb
9.0Aa
3.3Bb
4.8Ba
4.7Ba
3.7Bb
7.0Ba
4.4Aa
0.1
0.1
0.1
0.1
0.1
0.7
8.0Ba*

4.6Ab
4.0Ba
4.4Aa
0.1

5.6Aa
2.3Cb
3.8Bb
0.7

5.3Ba*
6.2Aa
5.6Ba
0.1

3.5Ab*
3.0Bb
2.4Cb
0.1

14/Control

4.6Ab
4.4Aa
0.1

3.8Bb
0.7

2.3Bb
2.2Bb
0.1

4.6Ba

5ng/ml TNFa

4.2Aa
3.7Ba
3.5Ba
0.1

5.lAa*

4.0Ba

5.6Aa
2.3Cb

2.7Ab*

0 HDll

4.6Ab
4.0Ba
4.4Aa
0.1

2.3Cb
3.8Bb

0 HOI

5ng/ml TNFa
Pooled SEM

Pooled SEM

21/Control
0 HDll

5ng/ml TNFa
Pooled SEM

5.6Aa

0.7

e.OAa*
4.8Ba
5.4Aa
0.1

4.5Ab*

4.2Ab
3.7Bb
0.1

10.7Aa
10.2Aa
0.1

4.5Ba
0.1
4.4Aa
4.6Aa
4.1Aa
0.1

4.0Ab«
2.9Bb
2.8Bb
0.1

2.9Ab*
2.2Cb
2.7Bb
0.1
3.1Ab*

3.2Ab
3.1Ab
0.1

A,B,C

Values in the same column and from the same day with different
letters are significantly different (P <.05).
a,b

Values in the same row and from the seune in vivo injection
treatment with different letters are significantly
different (P <.05).
*

Values in the same row and from the same line are significantly
different (P <.05) from control hens.
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effective (P<.05).

Treatment of LA sephadex hens with 0

HDll media inhibited progesterone accvimulation on day 7 and
14 (P<.05), and otherwise had no effect (P>.05).

Human

recombinant TNFa suppressed (P<.05) progesterone production
across all time periods, except day 21 where there was no
effect (P>.05).
Q-1 :^Ttnn progesterone production

In vitro cytokine treatment of 9-12mm granulosa cells
from HA saline hens, inhibited (P<.05) progesterone

secretion at day 0 and 21 (0 HDll media).
TNFa had no effect {P>.05) (Table 2-8).

Human recombinant

Among HA sephadex

hens, 0 HDll media and hrTNFa suppressed (P<.05)
progesterone acciimulation on day 0 and 21.
Treatment of LA saline hen granulosa cells with 0 HDll

media suppressed (P<.05) progesterone secretion on day 0
followed by an increase (P<.05) on day 21.

Similar to HA

hens, hrTNFa had no effect (P>.05) on progesterone

production.

In LA sephadex treated hens, progesterone

production was inhibited (P<.05) on day 0 in response to 0

HDll media and on day 21 following treatment with hrTNFa.
Cytokine treatments had no effect (P>.05) at any other time.
In vivo treatment effects;

Androstenedione production

Theca explants from the first three preovulatory

follicles were cultured in the presence of cytokine proteins
and androstenedione production was measured (Table 2-9).
compared to non-injected hens, androstenedione was
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TABLE 2-8. Effects of day/treetBsnt end type of injection
on progesterone production (ng/ml) by 9-12iiun grenulosa cells
fron high antibody (HA) and low antibody (LA) hens.

Control
HA Hena
Day/Treatment
0.27Ab
0/Control
0.20Bb
0 HDll
0.19Bb
5ng/ml TNFa
Pooled SEM
0.01

7/Control
0 HDll

5ng/ml TNFa
Pooled SEM

14/Control
0 HDll

5ng/ml TNFa
Pooled SEM

ProoeBterone fna/mH
Sephadex
Saline
HA Hens
LA Hens HA Hens LA Hens
1.70Aa*
0.65Aa
1.56Aa* O.SOAb*
0.79Ca
0.56Aa 0.94Ba 0.32Bb
1.35Ba
0.76Aa
1.61Aa
0.52Ab
0.02
0.02
0.03
0.02

0.27Ab
0.20Bb
0.19Bb
0.01

0.02

0.27Ab
0.20Bb
0.19Bb
0.01

0.65Aa
0.56Aa
0.76Aa
0.02

O.eSAa
0.56Aa
0.76Aa

LA Hens
0.382Ab*
0.29Bb
0.37Ab
0.02

0.95Aa* O.BOAb*

2.29Aa* 0.56Ab*

1.16Aa
0.03

2.12Aa
0.03

0.99Ab
0.02

0.47Ab

0.03

0.12Aa* O.SSAb

0.49Aa* 0.41Ab*

0.13Aa
0.03

0.52Aa
0.02

0.54Ab
0.02

0.38Ab
0.02

21/Control

0.27Ab

0.65Aa

O.SlAa* 0.58Aa

0.96Aa* 0.71Ab*

0 HDll

0.20Bb

0.56Aa

Sng/ml TNFa 0.19Bb

0.76Aa

0.43Bb
O.S4Aa

0.72Ba
0.60Aa

0.63Ca
0.74Ba

0.77Ab
O.SOBb

Pooled SEM

0.02

0.02

0.03

0.02

0.02

0.01

A,B,C

Values in the same column and from the same day with different
letters are significantly different (P <.05).
a,b

Values in the same row and from the same in vivo injection
treatment with different letters are significantly different
(P <.05).
*

Values in the same row and from the seune line are significantly
different (P <.05) from control hens.
—Missing data
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significantly higher (P<.05) in F1 theca cells from both
saline and sephadex hens in both genetic lines.

Similarly,

androstenedione production by F2 theca explants was

numerically or significantly (P<.05) higher than non-

injected controls across all time periods in HA and LA
sephadex and saline treated hens (Table 2-10).

In contrast,

androstenedione secretion by F3 theca explants from HA

saline and sephadex treated hens was not different (P>.05)
as compared to non-injected hens (Table 2-11).
F1 androstenedione production

The effect of in vitro cytokine treatment on

androstenedione secretion by theca explants varied with dose

and number of days following completion of the immune

challenge (Table 2-9).

In HA saline hens, androstenedione

production decreased (P<.05) on day 0, 7 (P=.06), and 14 in
response to 0 HDll media.

Treatment with 350ul HDll media

did not change (P>.05) androstenedione accumulation except
on day 14 where it was stimulated (P<.05).

Five ng/ml

hrTNFa was without effect (P>.05), except on day 14 where it
inhibited (P<.05) androstenedione accumulation.

The higher

dose of 250ng/ml hrTNFa stimulated (P<.05) androstenedione
secretion in HA saline follicles on day 7 and decreased

(P<.05) on day 14; otherwise, there was no affect (P>.05).
Zero HDll media decreased (P<.05) androstenedione production
in sephadex HA hens on day 0 (nximerically),7 and 21 (P<.05).

On day 14 0 HDll media increased (P<.05) steroid secretion.
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TABLE 2-9. Effects of day/treatment and type of injection on

androstenedione production (ng/ml) by F1 theca explants from
high antibody (HA) and low antibody (LA) hens.
AndroBtenedione fna/ml>
Saline

Control

Dav/Treatment

0/Control
0 HDll

350ul HDll

5ng/ml TNFa
250ng/ml TNFa
Pooled SEM

7/Control
0 HDll
350ul HDll

5ng/ml TNFa
250ng/ml TNFa
Pooled SEM

14/Control

HA

Hens

LA Hens

LA Hens

Seohadex

HA Hens

LA

Hens

0.4Aa
1.2Aa

16.
.8Aa*
.5Ba
4.

.5Aa*
9.
3.
.7Aa

.2Aa
2.
0.
.7Ab

2.
.7Aa
2.
.3Aa
8,
.6Aa
1.
.9

4.6Aa
1.6Aa
2.4Aa
1.1

10.
.3Aa

.7Bb
1,
3,
.58
5.
.8Ab
4.
,1

.4Ab
0.

4.
.7Ba

1.
.2Ab

13,
.6Aa

0.
.9Ab
3.
.4

5.
.9Ba
3.
.4

1.> 6Aa
2.
.9Aa
2,
.7Aa
2.
.3Aa
a.> 6Aa
1.
.9

0.4Aa
1.2Aa
4.6Aa
1.6Aa
2.4Aa
1.1

13.
.8Ba*
9.
.5Aa*
6.
.8Ba
6.
.5Aa
10.
.9Ba
5.
.5Aa
15.
10.
.5Aa
.7Ba
31.
9.
.8Ab
.9Aa
.8
3.
.3
2.
5.
.OCb*
31.
.9Ba*
5.
.9Cb
11.
.8Da
. 48.
.6Aa
12.
.OBb
15.
.7Cb
.ICa
6.
17.
.3Ca
23.
.lAa
3.
2.
.8
.1

1.
.6Aa

0.4Aa

2.
.9Aa

350ul HDll

2.
.7Aa
2.
.3Aa

1.2Aa
4.6Aa

5ng/ml TNFa
250ng/ml TNFa

8.
,6Aa

2.4Aa

Pooled SEM

1.
.9

1.1
0.4Aa

350ul HDll

.6Aa
1.
2.
.9Aa
,7Aa
2.

5ng/ml TNFa
250ng/ml TNFa

2.
.3Aa
8.
.6Aa

1.6Aa
2.4Aa

Pooled SEM

,9
1.

1.1

0 HDll

Hens

1.
.6Aa
2.
.9Aa

0 HDll

21/Control

PA

1.6Aa

1.2Aa
4.6Aa

—

13.
.9Aa
4.
.8

7.
.3Aa*
6.
.OAb
5.
.9Ab
.4Ab
5.
4.
.3Ab
2.
.8

A/B f C/D

17.
.4Aa*
8.
.9Ba
25.
.6Aa
8.
.4Ba
.3Aa
25.
3.
,1
4.
,5Ba
22.
.lAa
14.
.6Aa
8.
.7Ba

4.
.3Ba*
2.
.9Ba

6.
,6Ab*
8.
.7Aa
6.
.7Ab
4.
.3Aa
6.
.2Ab
2.
.8
6.
.OBa*
12.
.4Ab
8.
.6Bb
13.
.9Aa

.2Ba
8.

3.
.9Ba

2.
.8

3.
,1

12.
.7Aa*

28.
.OAa*

4.
.6Ab*

15.
.9Aa

13.
.2Ba

5.
.2Ab

17.
. 2Aa

13.
.4Ba
16.
.9Ba
.3Ba
16.

3.
.3Ab
8.
.OAb
6.
.2Ab

15.
.9Aa
13.
.OAa
?■.8

2..8

2..8

Values in the same column and from the same day with different
letters are significantly different (P <.05).

a,b

Values in the same row and from the same in vivo injection
treatment with different letters are significantly
different (P <.05).

*

Values in the same row and from the same line are significantly
different (P <.05) from control hens.
—Missing data
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Three hundred and fifty ul of HDll stimulated media caused

the same response except that on day 7 androstenedione
accumulation was increased (P<.05).

Five ng/ml hrTNFa

decreased androstenedione secretion on days 0 (numerically)

and 7 (P<.05), numerically increased accumulation on day 14,
and suppressed (P<.05) secretion at the final 21 day time
point.

Two hundred and fifty ng/ml hrTNFa caused the same

effect except that on day 7 this pharmacological dose

numerically increased androstenedione production.
Theca explants from LA saline treated hens did not
respond to treatment with 0 HDll media.

Treatment with

350ul of LPS stimulated HDll media suppressed (P<.05)

androstenedione accumulation on day 0 and stimulated (P<.05)
secretion on day 14.

Likewise, TNFa treatment did not

change steroid secretion except on day 0 when 5ng/ml was an
inhibitory dose and on day 14 where 250ng/ml was stimulatory
(P<.05).

In LA sephadex hens, androstenedione was not

stimulated (P>.05) by either doses of HDll conditioned media
except on day 14 when 0 HDll media increased (P<.05)

androstenedione secretion (P<.05).

Five ng/ml hrTNFa was

stimulatory (P<.05) to androstenedione secretion on days 0
and 14, otherwise either dose TNFa was without effect
(P>.05)
F2 androstenedione production

In the F2 follicle, treatment of HA saline hen theca

explants with 0 HDll media had no effect except on day 21
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when androstenedlone production was increased (P<.05) (Table
2-10).

Three hundred and fifty ul HDll media inhibited

(P<.05) androstenedione production on day 0 and 14. TNFa had
no effect at any time period.

Sephadex HA hen theca

explants treated with 0 or 350ul HOll media caused

androstenedione secretion to decrease (P<.05) on day 0 or 7
but not on day 14 or 21.

On day 21 350ul HDll media

stimulated (P<.05) androstenedione secretion.

Theca

explants were unresponsive (P>.05) to TNFa treatment except
on day 0 where 5ng/ml inhibited (P<.05) androstenedione

accumulation, and on day 21 where 250ng/ml increased (P<.05)
accumulation.

Data for day 0 treatment was lost due to RIA

assay failure as a result of bad shipment of radioactivity
chemicals.

Due to limited amounts of sample media, it was

not possible to rerun the assay.

HDll media had no affect

(P>.05) on androstenedione secretion in LA saline treated
hens except on day 7 where 350ul HDll stimulated media
suppressed (P<.05) accumulation.

Likewise, TNFa had no

affect during the later 14 and 21 day periods, but
suppressed (P<.05) accumulation on day 7.

Treatment of

theca cells from LA sephadex hens with HDll media inhibited

(P<.05) androstenedione secretion on day 7 and 21, whereas

hrTNFa inhibited (P<.05) androstenedione levels on day 14
and 21.
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TABLE 2-10. Effects Of day/trestBsnt end type of injection
on sndrostenedione production (ng/Bl) by F2 theca explants
froB high antibody (HA) and low antibody (LA) hens.

Dav/Treatment

0/Control
0 HDll
350ul HDll

5ng/ml TNFa
250ng/ml TNFa
Pooled SEM

7/Control
0 HDll
350ul HDll

5ng/ml TNFa
250ng/ml TNFa
Pooled SEM

14/Control

AndroBtenedione fno/mH
Seohadex
Control
Saline
HA Hens
LA Hens HA Hens LA Hens
HA Hens
LA Hens
6.6Ba
15.9Aa 38.6A*
41.9Aa*
27.2Ab
5.9Ba
8.4Aa
36.4A
15.1Ba
17.4Aa
9.8Ba
—
22.5B
19.3Ba
22.1Aa
11.7Ba
10.8Aa 36.7A
20.3Ba
25.0Aa
16.6Aa
19.1Aa 35.3A
48.4Aa
37.3Aa
1.9
1.5
4.4
4.4
4.4

6.6Ba

15.9Aa

5.9Ba
9.8Ba

8.4Aa

11.7Ba
16.6Aa

10.8Aa

1.9

19.lAa
1.5

20.8Ab*
20.3Aa

21.8Aa
24.7Aa
23.6Aa
3.6

46.7Aa*
38.0Aa
19.7Ba
28.5Ba
26.8Ba
3.6

34.2Aa*

41.9Aa*

27.7ABa

34.7Aa
31.4Ba

24.2Ba
33.0Ab
36.9Aa
3.6

48.9Aa

39.1Aa
3.6

6.6Ba

15.9Aa

26.4Aa*

21.9Aa

12.8Ab

31.2Aa*

5.9Ba
9.8Ba

8.4Aa
--

21.9Aa
6.7Ba

18.8Aa
24.2Aa

12.9Ab
12.9Ab

32.1Aa
28.6Aa

5ng/ml TNFa
11.7Ba
250ng/ml TNFa 16.6Aa

10.8Aa
19.1Aa

25.8Aa
27.2Aa

16.7Aa
21.3Aa

10.9Aa
15.8Aa

18.0Ba
22.6Ba

0 HDll
350ul HDll

Pooled SEM

1.9

1.5

21/Control

6.6Ba

15.9Aa

0 HDll

5.9Ba

8.4Aa

350ul HDll

5ng/ml TNFa

9.8Ba
11.7Ba

256ng/ml TNFa 16.6Aa
Pooled SEM

1.9

4.4
31.5Ba*
48.7Aa
29.9Ba

lO.SAa
19.lAa
1.5

24.8Ba
36.5Ba
3.6

3.6
21.0Aa*
17.4Aa
30.3Aa
23.4Aa
24.1Ab
4.4

3.6
33.5Ba*

3.6

37.7Ba

41.5Aa*
26.2Bb

52.5Aa

16.5Bb

32.9Ba
51.5Aa
3.6

16.3Bb
25.2Bb
3.6

A,B

Values in the same column and from the same day with different

letters are significantly different (P <.05).
a,b

Values in the same row and from the same in vivo injection
treatment with different letters are significantly
different (P <.05).

*

Values in the S2une row and from the same line are significantly
different (P <.05) from control hens.
—Missing data
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F3 androstenedione production

Androstenedione production by F3 theca cells collected
from HA saline or sephadex hens did not respond (P<.05) to
any cytokine treatment at any time period (Table 2-11).
Similarly, the LA saline hens were unresponsive to
cytokine treatment at all time periods, except day 21 where
350ul HDll media and Sng/ml hrTNFa suppressed
(P<.05)androstenedione secretion.

Sephadex treated LA hens

responded to both HDll and TNFa treatments.

Androstenedione

production decreased (P<.05) in response to all cytokine
treatments on day 7 and 14.

On day 21, only TNFa inhibited

(P<.05) androstenedione secretion.
White blood cell populations

The remaining hens from both genetic lines were

injected with saline or 10% sephadex over a 7 day period and
blood was collected at day 0, 7, 14, and 21 following the

last day of injection.

Monocyte counts were obtained from

blood smears and are represented as a percentage of total

white blood cells.

There were no differences (P>.05) in

monocyte populations between HA and LA control, untreated
hens (Table 2-12).

There were no differences (P>.05) in

monocyte populations between saline and sephadex hens within

each genetic line (Table 2-12).

HA hens displayed higher

(P<.05) monocyte populations regardless of injection
treatment when compared to LA hens.

Monocytes represented

10.2% and 10.5% of the white blood cells in saline and
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TABLE 2-11. Effects of day/treataent and type of injection
on androstenedione production (ng/nl) by F3 tbeca explants

fron high antibody (HA) and low antibody (LA) hens.

Control
Day/Treatment

Androstenedione f no/ml>
Saline
Seohadex

HA Hens LA Hens HA Hens

LA Hens

HA Hens LA Hens

15,
.5Aa
16,
.7Aa
15,
.4Aa
23,
.9Aa
17,
.SAa
3,
.5

20,
.6Aa
17,
.4Aa
14,
.OAa
23,
.2Aa
16,
.OAa
4,
.4

6,
.OAb
13,
.2Aa
6,
.SAa
5,
.lAb
.9Ab
3,
4,
.9

25,
.5Ab
IS,
.OAb
21,
.OAb
16,
.5Ab
24,
.7Aa
4,
.4

66,
.3Aa

10.
.6Ab
.lAa
11.
.4Ab
13.
14.
.3Ab
14.
.OAa
4.
.4

32.
.2Aa
20.
.3Aa
34.
.SAa
44.
. SAa
23.
.9Aa
5.
.4

15,
.2Ab

10,
.6Ab
26,
.lAa
13,
.4Ab
20,
.SAa
4,
.4

56.
.7Aa
40.
. SBa
33.
.5Ba
30.
. OBa
27.
.2Ba
4.
.4

16.
.OAa
22.
.9Aa
12.
.9Aa
14.,3Aa
16.
.3Aa
4..4

22.
.OAa
12.
.5Aa
9.
.5Ba
S.
.7Ba
13., SAa
5..4

25.
. SAa
22.
.4Ab
.3Ab
26.
25.
. 3Aa
36.
.2Aa
5..4

0/Control
0 HDll
350ul HDll

5ng/ml TNFa
250ng/ml TNFa

7/Control
0 HDll
3S0ul HDll

5ng/ml TNFa
250ng/ml TNFa
Pooled SEM

14/Control
0 HDll
350ul HDll

5ng/ml TNFa
250ng/ml TNFa
Pooled SEM

21/Control
0 HDll
350ul HDll

5ng/ml TNFa
250ng/ml TNFa
Pooled SEM

—

20.
.SAa
.SAa
31.
.OAa
21.
.2Aa
21.
3.
.1

15,
.5Aa
16,
.7Aa
.4Aa
15,
23,
.9Aa
17,
.9Aa
3,
.5

20.
. SAa
. SAa
31.
21.
.OAa
21.
.2Aa
3.
.1

15.
. 5Aa
16.
.7Aa

20.,SAa

—-

15.
.4Aa

31.
.SAa

23.
,9Aa

21.
.OAa

17.
.9Aa

21.
.2Aa

3.
,5

A,B

3.■1

39,
.7Ba
34,
.4Ba
30,
.SBa
3S,
.SBa
4,
.9

3S.
. SAa
3S., SAa
45.
.6Aa
2S.
, SBa
24.
. SBa
4..4

Values in the same column and from the same day with different
letters are significantly different (P <.05).

a,b

Values in the saune row and from the same in vivo injection
treatment with different letters are significantly
different (P <.05).
—Missing data
*

There were no differences (P >.05) between in vivo treated
hens

and control

hens.
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TABLE 2-12. Monocyt* populations in saline and sephadaz
treated hens fron high antibody (HA) and low antibody (LA)
lines.

0

6.0Aa

5.9Aa

7

6.0Aa
6.0Aa

S.SAa
6.0Aa

6.5Aa

6.3Aa

Saline
LA Hens
6.6Ba
8.6Aa
8.3Ab
13.3Aa
7.7Ab
12.0Aa
9-3Ba
?.9Ab

6.Iz
0.9

e.lz
0.9

10.2x
0.7

Control
Day

14
21

Pooled SEM

HA Hens LA Hens

HA Hens

7.5y
0.8

Sephadex
LA Hens
9.7Aa
14.3Aa
lO.BAb
lO.OBa
6.8Bb
7.OBa
6.6Ba

HA Hens
10.7Ba

10.5x
0.7

A,B
Values in the seune column with different letters are

significantly different (P <.05).
a,b

Values in the same row and from the same in vivo injection
treatment with different letters are signficantly
different (P <.05).
x,y,z

Values in the same row with different letters are

significantly different (P <.05).
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8.3y
0.6

sephadex treated hens from the HA line, respectively.

Among

LA hens, 7.5% and 8.3% of the total white blood cells were

monocytes in saline and sephadex hens, respectively.
Changes in monocyte populations over time were observed

(Table 2-12).

In saline treated hens from the HA line,

monocyte populations increased (P<.05) by day 7 and 14 and
were not different from control hens by day 21.

Monocyte

populations in sephadex hens from the same line increased on
day 0, 7, and 14 and returned to normal levels on day 21.
The increase in monocytes was not as pronounced in the LA
hens.

In LA saline treated hens, monocytes populations were

numerically higher on day 0, 7, and 14, but were not
significantly different (P>.05) from control hens at any
time.

However, in sephadex treated hens from the LA line, a

nvimerical increase in monocytes was apparent by day 0 and

increased significantly (P<.05) by day 7.

By day 14 and 21,

there were no differences in monocyte populations.
Discussion

An acute-phase response involves recognition of an
immunogen, which leads to production of local mediators by
phagocytic cells, such as macrophages.

Upon recognition of

the mediators, monocytes migrate from the blood stream and

become fully activated to ingest and destroy the agent in
the area of inflammation (Klasing, 1991).

Several mediators

which modulate an inflammatory response are interleukin-1,
tumor necrosis factor a, and interleukin-6 (Dietert et al..
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1991).

Recently, ovulation has been compared to an

inflammatory response suggesting a role for cytokines in the
reproductive process (Espey, 1980; Adashi, 1989).

Both IL-1

and TNFahave been detected in follicular fluid of mammals

(Khan et al.. 1988; Rivier and Vale, 1989; Wang et al..

1992).

Furthermore, the ovaries have been shown to contain

macrophage and other white blood cells during the

periovulatory and luteal phases (Adashi, 1990).
Hens selected for a high or low antibody response to
sheep red blood cells were injected with saline or sephadex

to initiate an acute-phase response by attracting macrophage
and other leukocytes to the peritoneal cavity.
hens were not treated and served as controls.

Additional
Following

treatment, no difference in follicle size, number of
developing follicles, or n\imber of atretic follicles was
observed due to saline or sephadex treatment in either

genetic line.

However, differences (P<.05) were found in

steroid secretion following the immune challenge with both
saline and sephadex.

In the preovulatory follicles, a

biphasic progesterone response was seen resulting in
progesterone secretion which was 2 fold higher (P<.05) after

a 21 day sampling period when compared to non-injected hens.
Smaller 13-20mm and 9-12mm granulosa cells did not

demonstrate a biphasic response and generally progesterone
secretion was initially increased by an immune challenge and
then dropped to base line levels by day 21.
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Androstenedione

production by theca explants was stimulated (P<.05)

following in vivo treatment with both saline and sephadex.
The similarity in saline and sephadex responses may be
explained by the lack of difference between
macrophage/monocyte populations.

Following a 7 day

stimulation protocol, Trembecki et al. (1984) reported no
difference (P>.05) in macrophage accumulation in the

peritoneal cavity after injection with saline or sephadex.
Similarly, we did not find any differences (P>.05) in
monocyte populations between saline and sephadex treatments
following a 7 day stimulation protocol.
Although, there were no differences between saline and
sephadex treatments, monocyte populations differed between

genetic lines.

HA hens demonstrated a higher (P<.05)

population of monocytes when compared to LA hens.

LA and HA

hens have been shown to differ in immune response to

bacterial and viral challenges (Gross et al.. 1980;

Dunnington et al.. 1991).

HA hens demonstrated higher T-

cell activity than LA hens (Scott et al.. 1991).

Other

studies have shown genetic variation in recruitment and

activation of peritoneal macrophages (Qureshi et al.. 1986).
Qureshi et al. (1986) examined seven partially developed

15I5-B congenic White Leghorn chicken lines demonstrating
differences in the numbers, composition, and functional

activity of harvested peritoneal macrophage cells.

In a

second study by Qureshi and Miller (1991) using 4 genetic
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lines of broiler hensi a difference was observed in

macrophage numbers and phagocytic activity.
During an intraperitoneal inflammatory response, the
number of monocytes recruited into the peritoneal cavity is
double the number of circulating cells, and results in the

recruitment of replacement monocytes (Klasing, 1991).
Stimulation of monocytes early in an inflammatory response

leads to production and release of cytokine proteins which
act locally, in a paracrine fashion (Dietert et al.. 1991).
If sufficient amounts of monokines are released, their
entrance into the circulation permits a systemic, endocrinelike action (Klasing, 1988).

Furthermore, Klasing et al.

(1987) reported an increase in servim IL-1 levels in chickens
following saline and sephadex stimulation.

In LA and HA hens, progesterone secretion and monocyte
populations increased concurrently following saline or
sephadex injection.

The increase in progesterone production

may be due to cytokine production through increased monocyte
populations.

Halme et al. (1985) reported both human

peripheral blood monocytes and peritoneal macrophage were
capable of stimulating progesterone production by luteinized
granulosa cells.

In mice, co-culture of granulosa cells and

peritoneal macrophage resulted in increased progesterone
production by granulosa cells (Kirsch et al.. 1981).
Preliminary dose studies as well as in vitro studies from

Experiment 1 (Chapter II in this report) suggest high levels
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of cytokines stimulated steroid production, whereas low
doses were inhibitory.

Activation of monocytes/macrophage

due to immune challenge may result in rapid release of
cytokine proteins which increased progesterone production on
day 0 and 7 after in vivo treatment.

As monocyte

populations began to decrease by day 14, cytokine proteins
may have decreased as well.

Several studies report a

decrease in macrophage function over time (Golemboski et
al.. 1990; Qureshi et al.. 1986).

Thus, lower levels of

cytokines due to a decrease in monocyte numbers or activity
either inhibited progesterone secretion or failed to
stimulate it.

On day 21, monocyte populations returned to

normal indicating the demise of the immune response
(Klasing, 1991).

There was a two-fold increase in

progesterone on day 21 which may be a result of a recoverytype response.

In the chicken, progesterone production plays a large
role in regulating ovulation and egg production.

The most

mature follicle, Fl, secretes high levels of progesterone
which stimulates release of LH necessary for ovulation
(Johnson et al.. 1985).

if the response to high circulating

levels of cytokines following an immune challenge resulted

in an increase in progesterone, it could cause premature
ovulation of the follicle.

Injection of progesterone has

been shown to induce a preovulatory surge of LH and

premature ovulation (Etches and Cunningham, 1976; Johnson
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and van Tienhoven, 1980).

Wilson and Sharp (1976)

demonstrated that ovulation and oviposition was altered

after injecting hens with progesterone (0.5 or O.lmg/kg).
Injection of progesterone between 12-9 hours before the

expected ovulation advanced oviposition of the egg already
in the uterus and advanced ovulation.

Thus, increased

progesterone production could influence follicular growth
and egg production.

On the other hand, low levels of

progesterone may also affect egg production.

A decrease in

progesterone production following an immune response may

inhibit ovulation.

Johnson and van Tienhoven (1984)

reported that in the absence of progesterone, there was no
preovulatory surge of LH or ovulation.

Furthermore, low

circulating levels of progesterone were associated with
cessation of egg laying (Lesczynski et al.. 1983, 1985;
Johnson and van Tienhoven, 1981).

These are areas of

further inquiry.

In the smaller follicles most of the progesterone
produced by granulosa cells is converted to androgens and
estrogens by the theca layer (Huang and Nalbandov, 1979;
Etches and Cheng, 1981).

Therefore, the importance of a

change in progesterone levels on the small follicles remains

in question.

However, addition of progesterone to granulosa

cells collected from small follicles (<12mm) significantly

increased androstenedione secretion in vitro (Robinson and
Etches, 1986).

Thus, an increase or decrease in
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progesterone production may alter androgen and estrogen
production necessary for follicular development.
It is possible that high levels of progesterone

observed in this experiment were a result of rising LH
levels during the preovulatory LH surge rather than immune
stimulation.

Six hours prior to ovulation an LH surge

occurs in response to high levels of progesterone secreted
from the F1 follicle (Wilson and Sharp, 1973; Johnson and

van Tienhoven, 1980).

During the time following the LH

surge, plasma levels of progesterone, testosterone, and

estrogen increase (Shahabi et al.. 1975).

LH stimulated in

vitro steroid production by granulosa and theca cells from
the three largest preovulatory follicles (Marrone and
Hertelendy, 1983; Robinson and Etches, 1986).

In the

present study, it was unknown at what time the LH surge

occurred in these hens.

Most hens on a daily lighting

schedule of 14 hours of light lay their eggs in the morning

(Austic and Neshiem, 1990).
occur around 4:00 A.M.

Therefore, an LH surge would

Hens in this study were sacrificed

between 6:30 and 7:00 A.M., which may have been during or
toward the end of the LH surge.

Monocyte populations began

to increase on day 0 and peaked on day 7.

Systemic cytokine

release from monocytes may have inhibited LH-stimulated
progesterone production which resulted in lower progesterone
levels on day 0 and 7 as compared to day 21.

On day 21,

monocyte populations had returned to normal suggesting
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removal of the inhibitory effect on LH-stimulated
progesterone secretion.

Similarly, Shakil and Whitehead (1994) induced an acute

(2 day) or chronic (6 day) immune response in rats by
injecting LPS or thioglycolate (TG).

Granulosa cells,

obtained from rats treated with LPS over a 6 day period,
exhibited a 74% reduction in LH-stimulated progesterone

secretion.

Co-culture of peritoneal macrophage, collected

from both acute and chronic stressed rats, significantly

decreased gonadotropin-induced progesterone production by
granulosa cells in vitro.

Furthermore, progesterone

secretion was also reduced when granulosa cells were cocultured with unstimulated macrophage from control rats.

F\ikuoka et al. (1988) reported hrlL-la markedly inhibited

LH-stimulated progesterone production by luteinized porcine
granulosa cells.

Furthermore, TNFa attenuated the FSH-

induced progesterone production in both rat and murine
granulosa cells (Roby and Terranova, 1990; Adashi et al..
1989).

An immune challenge may affect gonadotropin-induced

activity in the chicken.

Further support for cytokine influence on steroid
secretion is shown by results from in vitro studies.
Granulosa cells and theca cells were treated in vitro with
hrTNFa and media collected from a chicken macrophage cell

line known to produce IL-1.

In both LA and HA hens, the

response to HDll media varied with follicle size and the
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time of sacrifice.

As observed in preliminary studies,

lower doses of HDll media inhibited progesterone production,
whereas higher doses were stimulatory (data not shown).

The

F1 follicle from both HA and LA hens showed the most

consistent response to HDll conditioned media, which

inhibited progesterone secretion.

Unlike HDll conditioned

media, hrTNFa consistently inhibited (P<.05) progesterone
production by most follicle sizes, except 9-12mm follicles
which were not responsive to hrTNFa treatment.

In contrast

to granulosa cells, theca explants from preovulatory
follicles were not responsive to HDll conditioned media or
hrTNFa.

In mammals, several studies have shown both IL-1 and

TNFa inhibits steroid secretion by granulosa and theca cells
in vitro.

In the rat, both hrlL-la and 6 reduced

progesterone secretion by immature granulosa cells as well

as hCG-stimulated androsterone production by whole ovarian

dispersates and isolated theca cells (Kasson and Gorospe,
1988; Hurwitz et al.. 1991).

Fukuoka et al. (1989) reported

hrlL-la inhibited progesterone production by small,
developing porcine follicles but had no affect on mature

follicles.

This suggests a follicle sparing response.

Similarly, treatment of theca cells from immature rat

follicles with TNFa decreased androsterone production
(Andreani et al.. 1991).

LH-induced progesterone production

by small luteal cells in the pig was reduced following
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treatment with hrTNFa (Richards and Almonds, 1994).
Roby and Terranova (1990) suggest a role for TNFa in
atresia in rat preovulatory follicles.

Furthermore,

immunohistochemical studies indicate atretic granulosa cells

may be a site of TNFa gene expression (Adashi, 1989).
Follicle atresia is characterized by DNA fragmentation,
which was first observed in the process of apoptosis.
Activation of calciiun/magnesium dependent endonuclease

activity specifically cleaves the DNA between regularly
spaced nucleosomal units resulting in fragments in size

multiples of 185-200 base-pairs (Wyllie, 1980).

This ladder

of DNA bands can be visualized following gel electrophoresis
and ethidium bromide staining (Wyllie, 1980; Arends et al..
1990).

In the chicken, Tilly et al. (1991) reported DNA

fragmentation in granulosa and theca cells from
but not healthy follicles.

atretic,

Similarly, in porcine and rat

ovaries, apoptotic DNA fragmentation was identified with

morphologically atretic follicles (Hughes and Gorospe, 1991;
Palumbo and Yeh, 1994).

In this study, an immune challenge

induced by sephadex particles, did not cause atresia in the
preovulatory or developing follicles as shown by lack of DNA
fragmentation.

An acute immune challenge resulted in weekly

fluctuation in progesterone production by granulosa cells in
both HA and LA hens without affecting follicle health.

Although the response to saline and sephadex varied with
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follicle size, in both genetic lines progesterone secretion
displayed a biphasic response.

Furthermore, in vitro

cytokine treatment most often inhibited progesterone
secretion.

Thus, ovarian steroid production in the chicken

can be influenced by an in vivo and in vitro immune
challenge.

The effect these changes have on egg production

remains to be determined.

However, several studies report

cessation of egg production following disease or infection
(Ruff et al.. 1984; Mohammed et al.. 1987; Shivaprasad et

al.. 1990; Fit2 and Edgar, 1992).

By altering progesterone

production, an immune challenge may push the hen out of egg
production to cause a shift in daily energies toward
fighting the infection.

It has been shown that metabolic

changes alter the partitioning of dietary nutrients away
from growth and muscle accretion in favor of metabolic
processes that support the immune response and disease

resistance (Klasing and Johnstone, 1991).

Furthermore,

macrophage derived cytokines can induce these metabolic

changes (Klasing, 1988).

Although many questions remain to

be answered, results from this study support a role for
cytokine proteins in reproduction in the chicken.
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Ill

PART IV

CONCLUSION

White Leghorn hens selected for a high antibody or low
antibody response to sheep red blood cells have been shown
to differ in immune response and production traits (Gross ^
al. 1980; Dunnington et al.. 1991).

LA hens reached sexual

maturity at an earlier age and laid more eggs than HA hens
(Siegel et al.. 1982; Martin et al.. 1990).
the present experiments were similar.

Results from

Although LA and HA

hens differed in age of sexual maturity and egg production,
there were no differences in ovarian morphology as shown by
lack of difference in follicle size, the number of
developing follicles, and number of atretic follicles
between lines.

However, follicles collected from HA hens

generally secreted more (P<.05) progesterone than LA

follicles.

This difference may be due to differences in

enzyme availability or activity between these lines which,

in turn, may be regulated by estrogen and androgen levels

(Fortune, 1986; Lee and Bahr, 1990).

Secondly, gonadotropin

levels or time of the preovulatory surge of LH may differ
between HA and LA hens resulting in differences in steroid
production.

Similar to steroid differences, immune system

differences were reported.

HA hens demonstrated a higher
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monocyte population when compared to LA hens following an
immune challenge using saline or sephadex.

The LA hens

appear less responsive to an immune challenge as compared to
HA hens.

Despite differences in monocyte populations, both

genetic lines demonstrated a biphasic progesterone response

following an immune challenge. Furthermore, high monocyte
levels following immune stimulation appear to be inhibitory

to gonadotropin-stimulated progesterone production as shown
early (0 and 7 days) in the immune response.

During the

later stages of an immune challenge (21 days), progesterone
levels were much higher.

During this time, monocyte

populations returned to normal. As a result, there may have
been no inhibition of gonadotropin-stimulated progesterone
secretion.

In contrast, androstenedione secretion by theca

explants increased (P<.05) with rising monocyte populations.
Thus, cytokine production by stimulated monocytes may

inhibit progesterone secretion and stimulate androstenedione
production.
Similar to mammalian studies, in vitro treatment of

granulosa cells with cytokines was inhibitory to
progesterone production in the chicken.

Both non-stimulated

and immune-stimulated hens showed a decrease (P<.05) in

progesterone production by granulosa cells in response to
cytokine enriched chicken macrophage media and hrTNFa.

In

contrast to mammals, the most developed follicles were more

affected by cytokine treatment. Progesterone production by
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F1 granulosa cells was significantly (P<-05) reduced
following in vitro treatment with both cytokine medias,
whereas steroid secretion by the less developed follicles
was more variable.

Therefore, the response to cytokines may

depend upon the stage of follicular maturation. In
contrast, the in vitro response to cytokines by theca

explants was much more variable.

Generally, cytokines

stimulated androstenedione production.

The mechanism by which cytokines reduce steroid

production by ovarian cells remains unclear.

They may

affect steroid synthesis by blocking gonadotropin-induced
steroid secretion or alter enzyme activity.

Since

progesterone is the major hormone involved in reproduction
in the chicken, a decrease due to the presence of cytokines
following an immune response may adversely affect egg

production. Furthermore, due to the housing facilities used
to raise poultry, they are constantly exposed to bacteria
and other microbes in the environment.

Therefore, it would

be beneficial to understand the relationship between the

immune system and reproduction.

Although further studies

are needed, a role for cytokine proteins in avian

reproduction may be a step toward understanding this
relationship.
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